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Motivation and Objective: 
Twisting                          theories with boundaries:

Holomorphic  
boundaryTopological bulk

{O}
<latexit sha1_base64="TMTtLbxaMEvkeMlrSrTKYa5ozoA=">AAACA3icbVBNS8NAEJ34WetX1JteFovgqSRV0GPRizcr2A9oQtlsN+3SzSbsboQSCl78K148KOLVP+HNf+M2zUFbHww83pthZl6QcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6nvrtByoVi8W9HifUj/BAsJARrI3Usw89HkhMKPIirIcE8+x24slc6tkVp+rkQIvELUgFCjR69pfXj0kaUaEJx0p1XSfRfoalZoTTSdlLFU0wGeEB7RoqcESVn+U/TNCJUfoojKUpoVGu/p7IcKTUOApM5/RSNe9Nxf+8bqrDSz9jIkk1FWS2KEw50jGaBoL6TFKi+dgQTCQztyIyxCYAbWIrmxDc+ZcXSatWdc+qtbvzSv2qiKMER3AMp+DCBdThBhrQBAKP8Ayv8GY9WS/Wu/Uxa12yipkD+APr8wcxsJfg</latexit>

•Significance:                                         

Costello - Creutzig -Gaiotto ’18

Study bulk TFT via 
   boundary VOA data

•Central issue: 
Compatibility of boundary with bulk topological twist  
via appropriate deformation Gaiotto-Costello ‘18

In this talk: 

g{O@}
<latexit sha1_base64="TdG00lGSla2C0vvL1c/LLWznIsA=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVZJW0GXRjTsr2FZoQrmZTtqhkwczE6GEfIgbf8WNC0XcuBD8GydpFtp6YOBwzr137j1ezJlUlvVtVFZW19Y3qpu1re2d3T1z/6Ano0QQ2iURj8S9B5JyFtKuYorT+1hQCDxO+970Kvf7D1RIFoV3ahZTN4BxyHxGQGlpaLacANTEFzBNx9kwdbgngNBCJMDTm1yLQSgGPHNEYWZDs241rAJ4mdglqaMSnaH56YwikgQ0VISDlAPbipWb5mMJp1nNSSSNgUxhTAeahhBQ6abFcRk+0coI+5HQL1S4UH93pBBIOQs8XZlvLRe9XPzPGyTKv3BTFsaJoiGZf+QnHKsI50nhEROUKD7TBIhgeldMJqATUDrPmg7BXjx5mfSaDbvVaN6e1duXZRxVdISO0Smy0Tlqo2vUQV1E0CN6Rq/ozXgyXox342NeWjHKnkP0B8bXD+KXo7o=</latexit>

: 

Show how topological twist is implemented as a deformation of a holomorphically twisted theory,   
by engineering the theories in brane world volumes in a particular background

vertex operator
algebra (VOA) of bdy operators

N = (0, 4)
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N = 4
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3d
<latexit sha1_base64="ycEG5DJs4hFVPbxrA5cel6db5Us=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx6r2FpoQ9lsJu3SzSbsboRS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgajm5n/+IRK80Q+mHGKfkwHkkecUWOl+3rYL1fcqjsHWSVeTiqQo9kvf/XChGUxSsME1brruanxJ1QZzgROS71MY0rZiA6wa6mkMWp/Mr90Ss6sEpIoUbakIXP198SExlqP48B2xtQM9bI3E//zupmJrvwJl2lmULLFoigTxCRk9jYJuUJmxNgSyhS3txI2pIoyY8Mp2RC85ZdXSbtW9erV2t1FpXGdx1GEEziFc/DgEhpwC01oAYMInuEV3pyR8+K8Ox+L1oKTzxzDHzifPzupjSk=</latexit>

2d
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Vg
<latexit sha1_base64="tp9bBsMDYIX9MckOot0H/qfoLPE=">AAACA3icbVDLSsNAFL2pr1pfUXe6CRbBVUmqoMuiG5cV7APaECbTSTt0MgkzE6GEgBt/xY0LRdz6E+78GydpFtp6YODMOfdy7z1+zKhUtv1tVFZW19Y3qpu1re2d3T1z/6Aro0Rg0sERi0TfR5IwyklHUcVIPxYEhT4jPX96k/u9ByIkjfi9msXEDdGY04BipLTkmUfDEKkJRiztZl5afAKBpuk4yzyzbjfsAtYycUpShxJtz/wajiKchIQrzJCUA8eOlZsioShmJKsNE0lihKdoTAaachQS6abFDZl1qpWRFURCP66sQv3dkaJQylno68p8Sbno5eJ/3iBRwZWbUh4ninA8HxQkzFKRlQdijaggWLGZJggLqne18AQJhJWOraZDcBZPXibdZsM5bzTvLuqt6zKOKhzDCZyBA5fQgltoQwcwPMIzvMKb8WS8GO/Gx7y0YpQ9h/AHxucPTzmYlw==</latexit>

V 0
g
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`0
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Gaiotto-Rapčak ‘18 

3d N = 4
<latexit sha1_base64="QlNW2BB+SlavyVaOsgam1Fo2s8A=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRbBhZSZtqAboejGlVSwD2iHkslk2tDMgyQj1KH4K25cKOLW/3Dn35hpZ6GtJwQO59xLTo4bcyaVZX0bS8srq2vrhY3i5tb2zq65t9+SUSIIbZKIR6LjYkk5C2lTMcVpJxYUBy6nbXd0nfntByoki8J7NY6pE+BByHxGsNJS3zyseqh3pk+A1ZBgnt5OLmt9s2SVrSnQIrFzUoIcjb751fMikgQ0VIRjKbu2FSsnxUIxwumk2EskjTEZ4QHtahrigEonnaafoBOteMiPhL6hQlP190aKAynHgasns5By3svE/7xuovwLJ2VhnCgaktlDfsKRilBWBfKYoETxsSaYCKazIjLEAhOlCyvqEuz5Ly+SVqVsV8uVu1qpfpXXUYAjOIZTsOEc6nADDWgCgUd4hld4M56MF+Pd+JiNLhn5zgH8gfH5A82WlCs=</latexit>



Motivation and Objective: 

Topological Twisting:

Spin(n) ! Spin0(n) ⇢ (Spin(n)⇥GR)
<latexit sha1_base64="Up4+EWjEY81tHh6SBzQKpHRW/Zo=">AAACLnicbVDLSgMxFM3Ud31VXboJFrFuyowKuhRFdFkf1UJnKJn01gYzmSG5I5ahX+TGX9GFoCJu/QzTx0JbDwQO55zLzT1hIoVB131zchOTU9Mzs3P5+YXFpeXCyuq1iVPNocpjGetayAxIoaCKAiXUEg0sCiXchHfHPf/mHrQRsbrCTgJBxG6VaAnO0EqNwomP8IDZZSJUt6S2fYzpL2WrJ5k0NIC0NJoUERh62sguutuNQtEtu33QceINSZEMUWkUXvxmzNMIFHLJjKl7boJBxjQKLqGb91MDCeN37BbqlipmdwVZ/9wu3bRKk7ZibZ9C2ld/T2QsMqYThTYZMWybUa8n/ufVU2wdBJlQSYqg+GBRK5XUltLrjjaFBo6yYwnjWti/Ut5mmnG0DedtCd7oyePkeqfs7ZZ3zveKh0fDOmbJOtkgJeKRfXJIzkiFVAknj+SZvJMP58l5dT6dr0E05wxn1sgfON8/Kq6pLg==</latexit>

Q : Spin0(n)� inv., Q2 = 0
<latexit sha1_base64="yUmAKWMgA4MdVaEHo+7MmGKS3ck="></latexit>

Pass on cohomology:

Focus on a protected (BPS) subsector of the theory

Q �
<latexit sha1_base64="YqiOMRIEID6T0bXd+7mSzSY5QJk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSRVUHBTdOOyBfuAJpTJdNoOnUzCzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6ZE8ScKe0439bK6tr6xmZhq7i9s7u3b5cOWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxreZ336gUrFI3OtJTP0QDwUbMIK1kXp2yQuxHhHM08bUu0boDPXsslNxZkDLxM1JGXLUe/aX149IElKhCcdKdV0n1n6KpWaE02nRSxSNMRnjIe0aKnBIlZ/Ook/RiVH6aBBJ84RGM/X3RopDpSZhYCazoGrRy8T/vG6iB1d+ykScaCrI/NAg4UhHKOsB9ZmkRPOJIZhIZrIiMsISE23aKpoS3MUvL5NWteKeV6qNi3LtJq+jAEdwDKfgwiXU4A7q0AQCj/AMr/BmPVkv1rv1MR9dsfKdQ/gD6/MHuQmS/A==</latexit>

Further twists? 

Holomorphic twist: @/@z̄
<latexit sha1_base64="QCeH8qqqO7zwTNTjg+bhs/jJdD0=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL4KrOVEGXRTcuK9gLtEM5k2ba0ExmSDJCHerGV3HjQhG3voU738ZMO4K2/hD4+M85Sc7vx5wp7Thf1sLi0vLKamGtuL6xubVt7+w2VJRIQusk4pFs+aAoZ4LWNdOctmJJIfQ5bfrDq6zevKNSsUjc6lFMvRD6ggWMgDZW197vxCA1A37yAx0fZHo/7tolp+xMhOfBzaGEctW69menF5EkpEITDkq1XSfWXppdSjgdFzuJojGQIfRp26CAkCovnWwwxkfG6eEgkuYIjSfu74kUQqVGoW86Q9ADNVvLzP9q7UQHF17KRJxoKsj0oSDhWEc4iwP3mKRE85EBIJKZv2IyAAlEm9CKJgR3duV5aFTK7mm5cnNWql7mcRTQATpEx8hF56iKrlEN1RFBD+gJvaBX69F6tt6s92nrgpXP7KE/sj6+ATiCl2M=</latexit>

become Q �
<latexit sha1_base64="YqiOMRIEID6T0bXd+7mSzSY5QJk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSRVUHBTdOOyBfuAJpTJdNoOnUzCzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6ZE8ScKe0439bK6tr6xmZhq7i9s7u3b5cOWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxreZ336gUrFI3OtJTP0QDwUbMIK1kXp2yQuxHhHM08bUu0boDPXsslNxZkDLxM1JGXLUe/aX149IElKhCcdKdV0n1n6KpWaE02nRSxSNMRnjIe0aKnBIlZ/Ook/RiVH6aBBJ84RGM/X3RopDpSZhYCazoGrRy8T/vG6iB1d+ykScaCrI/NAg4UhHKOsB9ZmkRPOJIZhIZrIiMsISE23aKpoS3MUvL5NWteKeV6qNi3LtJq+jAEdwDKfgwiXU4A7q0AQCj/AMr/BmPVkv1rv1MR9dsfKdQ/gD6/MHuQmS/A==</latexit>

exact

Choice of twisting homomorphism:

h :
<latexit sha1_base64="vtSwKaL/NcAvj0R+azPpx8nohw4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQXFVdOOygn1AO5RMmmlDM8mYZApl6He4caGIWz/GnX9jpp2Fth4IHM65l3tygpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvsv89oQqzaR4NNOY+hEeChYygo2V/F6EzShUeJyOZjf9csWtunOgVeLlpAI5Gv3yV28gSRJRYQjHWnc9NzZ+ipVhhNNZqZdoGmMyxkPatVTgiGo/nYeeoTOrDFAolX3CoLn6eyPFkdbTKLCTWUi97GXif143MeG1nzIRJ4YKsjgUJhwZibIG0IApSgyfWoKJYjYrIiOsMDG2p5ItwVv+8ipp1areRbX2cFmp3+Z1FOEETuEcPLiCOtxDA5pA4Ame4RXenInz4rw7H4vRgpPvHMMfOJ8/CGOSRA==</latexit>

 closed operatorsQ �
<latexit sha1_base64="YqiOMRIEID6T0bXd+7mSzSY5QJk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSRVUHBTdOOyBfuAJpTJdNoOnUzCzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6ZE8ScKe0439bK6tr6xmZhq7i9s7u3b5cOWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxreZ336gUrFI3OtJTP0QDwUbMIK1kXp2yQuxHhHM08bUu0boDPXsslNxZkDLxM1JGXLUe/aX149IElKhCcdKdV0n1n6KpWaE02nRSxSNMRnjIe0aKnBIlZ/Ook/RiVH6aBBJ84RGM/X3RopDpSZhYCazoGrRy8T/vG6iB1d+ykScaCrI/NAg4UhHKOsB9ZmkRPOJIZhIZrIiMsISE23aKpoS3MUvL5NWteKeV6qNi3LtJq+jAEdwDKfgwiXU4A7q0AQCj/AMr/BmPVkv1rv1MR9dsfKdQ/gD6/MHuQmS/A==</latexit>

exact quantities vanishQ �
<latexit sha1_base64="YqiOMRIEID6T0bXd+7mSzSY5QJk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSRVUHBTdOOyBfuAJpTJdNoOnUzCzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6ZE8ScKe0439bK6tr6xmZhq7i9s7u3b5cOWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxreZ336gUrFI3OtJTP0QDwUbMIK1kXp2yQuxHhHM08bUu0boDPXsslNxZkDLxM1JGXLUe/aX149IElKhCcdKdV0n1n6KpWaE02nRSxSNMRnjIe0aKnBIlZ/Ook/RiVH6aBBJ84RGM/X3RopDpSZhYCazoGrRy8T/vG6iB1d+ykScaCrI/NAg4UhHKOsB9ZmkRPOJIZhIZrIiMsISE23aKpoS3MUvL5NWteKeV6qNi3LtJq+jAEdwDKfgwiXU4A7q0AQCj/AMr/BmPVkv1rv1MR9dsfKdQ/gD6/MHuQmS/A==</latexit>

Restrict to 

become Q �
<latexit sha1_base64="YqiOMRIEID6T0bXd+7mSzSY5QJk=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSRVUHBTdOOyBfuAJpTJdNoOnUzCzEQpsZ/ixoUibv0Sd/6NkzYLbT0wcDjnXu6ZE8ScKe0439bK6tr6xmZhq7i9s7u3b5cOWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxreZ336gUrFI3OtJTP0QDwUbMIK1kXp2yQuxHhHM08bUu0boDPXsslNxZkDLxM1JGXLUe/aX149IElKhCcdKdV0n1n6KpWaE02nRSxSNMRnjIe0aKnBIlZ/Ook/RiVH6aBBJ84RGM/X3RopDpSZhYCazoGrRy8T/vG6iB1d+ykScaCrI/NAg4UhHKOsB9ZmkRPOJIZhIZrIiMsISE23aKpoS3MUvL5NWteKeV6qNi3LtJq+jAEdwDKfgwiXU4A7q0AQCj/AMr/BmPVkv1rv1MR9dsfKdQ/gD6/MHuQmS/A==</latexit>

exact: Topological  theoryPµ
<latexit sha1_base64="8GcV0lkNzP6Zw6PhMl4Nky05kPk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84BkCbOTTjJkZnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZxqhg0Wi1i3I2pQcIUNy63AdqKRykhgKxrfzfzWE2rDY/VoJwmGkg4VH3BGrZNa9V7Wlem0Vyr7FX8OskqCnJQhR71X+ur2Y5ZKVJYJakwn8BMbZlRbzgROi93UYELZmA6x46iiEk2Yzc+dknOn9Mkg1q6UJXP190RGpTETGblOSe3ILHsz8T+vk9rBTZhxlaQWFVssGqSC2JjMfid9rpFZMXGEMs3drYSNqKbMuoSKLoRg+eVV0qxWgstK9eGqXLvN4yjAKZzBBQRwDTW4hzo0gMEYnuEV3rzEe/HevY9F65qXz5zAH3ifP3qGj6k=</latexit>

hO1O2..i 6= f({x})
<latexit sha1_base64="GXOEOyfabqmtFcDokDcEHs7HFrc=">AAACMHicbVDLSsNAFJ3UV62vqks3g0XQTUiqoMuiC91ZwarQhDKZ3tShk0mcmYgl5JPc+Cm6UVDErV/hNM3C14GBM+fcy8w5QcKZ0o7zYlWmpmdm56rztYXFpeWV+urahYpTSaFDYx7Lq4Ao4ExARzPN4SqRQKKAw2UwPBr7l7cgFYvFuR4l4EdkIFjIKNFG6tWPPU7EgAP2IqKvKeHZad7L3PzHtZnbtieLOU/ADQ63PR5IQgHfebIgO716w7GdAvgvcUvSQCXavfqj149pGoHQlBOluq6TaD8jUjPKIa95qYKE0CEZQNdQQSJQflYEzvGWUfo4jKU5QuNC/b6RkUipURSYyXEO9dsbi/953VSHB37GRJJqEHTyUJhyrGM8bg/3mQSq+cgQQiUzf8X0mpgGtOm4Zkpwf0f+Sy6atrtrN8/2Gq3Dso4q2kCbaBu5aB+10Alqow6i6B49oVf0Zj1Yz9a79TEZrVjlzjr6AevzCzGuqj8=</latexit>

hO1O2..i = g(z)
<latexit sha1_base64="PWKAJYdBfEk39GVhv8OhNwC+E6w=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0Wom5BUUTdC0Y07K9gHNKFMptN26GQSZiZCDfkTN/6KGxeKiLv+jZM2C9t6YODMOfdy7z1+xKhUtj0xCiura+sbxc3S1vbO7p65f9CUYSwwaeCQhaLtI0kY5aShqGKkHQmCAp+Rlj+6zfzWExGShvxRjSPiBWjAaZ9ipLTUNS9chviAEegGSA0xYsl92k2cdO5bTS3LFbO6azioPJ92zbJt2VPAZeLkpAxy1Lvmj9sLcRwQrjBDUnYcO1JegoSimJG05MaSRAiP0IB0NOUoINJLpvel8EQrPdgPhX5cwan6tyNBgZTjwNeV2dpy0cvE/7xOrPpXXkJ5FCvC8WxQP2ZQhTALC/aoIFixsSYIC6p3hXiIBMJKR1rSITiLJy+TZtVyzqzqw3m5dpPHUQRH4BhUgAMuQQ3cgTpoAAxewBv4AJ/Gq/FufBnfs9KCkfccgjkYk1+cQ6Kl</latexit>

Holomorphic Topological  
?



Outline:

3d N=4 theories with boundaries: 
Topological and Holomorphic twists
Boundaries, deformations and compatibility

Brane engineering: 

Bulk and boundary theory
Twisting and background geometry

Twisted IIB supergravity: 

Holomorphic brane engineering

Background deformations and compatibility

Summary, future directions and ongoing work 



with boundaries:

g(3,N = 4) = osp(4|4) � so(3, 2)⇥ so(4)R
<latexit sha1_base64="nmoryFQc60E20NFETXLbjJAJ4GE="></latexit>

Superconformal algebra: 

SO(4)R ' SU(2)C ⇥ SU(2)H
<latexit sha1_base64="LllsSJGoC7r2hZKsROMJr+1Lg3E=">AAACEnicbVDLTsJAFJ36RHxVXbqZSExgQ1ok0SWRDTtRLJDQppkOA0yYPpyZmpCm3+DGX3HjQmPcunLn3zhATRQ8ySTnnHtv7tzjRYwKaRhf2srq2vrGZm4rv72zu7evHxy2RRhzTCwcspB3PSQIowGxJJWMdCNOkO8x0vHG9Wm9c0+4oGFwKycRcXw0DOiAYiSV5eql1lWxWnKTm9QW1Cd3sGUVK0rXU1sqLX50I3X1glE2ZoDLxMxIAWRouvqn3Q9x7JNAYoaE6JlGJJ0EcUkxI2nejgWJEB6jIekpGiC1zklmJ6XwVDl9OAi5eoGEM/f3RIJ8ISa+pzp9JEdisTY1/6v1Yjm4cBIaRLEkAZ4vGsQMyhBO84F9ygmWbKIIwpyqv0I8QhxhqVLMqxDMxZOXSbtSNs/KletqoXaZxZEDx+AEFIEJzkENNEATWACDB/AEXsCr9qg9a2/a+7x1RctmjsAfaB/fH8Gb4Q==</latexit>

Q 2 [2](2,2)
<latexit sha1_base64="s9mMcFIts++7tPugpc9liUOksaY=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIVaQkVdBl0Y3LFuwF2lgm00k7dDIJMydiCXkHN76KGxeKuHXjzrdxeoFq6w8D3/znHGbO70WcKbDtbyOztLyyupZdz21sbm3vmLt7dRXGktAaCXkomx5WlDNBa8CA02YkKQ48Thve4HpUb9xTqVgobmEYUTfAPcF8RjBoq2OeVNtMtNpAH8Dzk1Lq3iWF2e10hsdpx8zbRXssaxGcKeTRVJWO+dXuhiQOqADCsVItx47ATbAERjhNc+1Y0QiTAe7RlkaBA6rcZLxTah1pp2v5odRHgDV2f08kOFBqGHi6M8DQV/O1kflfrRWDf+kmTEQxUEEmD/kxtyC0RgFZXSYpAT7UgIlk+q8W6WOJCegYczoEZ37lRaiXis5ZsVQ9z5evpnFk0QE6RAXkoAtURjeogmqIoEf0jF7Rm/FkvBjvxsekNWNMZ/bRHxmfP5o2nps=</latexit>

3d N=4 Hypermultiplet

Scalars:

Fermions:

(q, q̃) 2 [1](1,2)
<latexit sha1_base64="llyQpR4erDSLVpI4F1W39dYEXtE=">AAACH3icbZDLSsNAFIYnXmu9RV26CRahgpSkiroU3bisYFVoYplMT+zQySTOnIgl5E3c+CpuXCgi7nwbp7Xi9YeBb/5zDjPnD1PBNbrumzU2PjE5NV2aKc/OzS8s2kvLpzrJFIMmS0SizkOqQXAJTeQo4DxVQONQwFnYOxzUz65BaZ7IE+ynEMT0UvKIM4rGats71atNH7noQH5VbPhctnyEGwyj3CuCi7z6ddv8xHqxUbTtiltzh3L+gjeCChmp0bZf/U7CshgkMkG1bnluikFOFXImoCj7mYaUsh69hJZBSWPQQT7cr3DWjdNxokSZI9EZut8nchpr3Y9D0xlT7OrftYH5X62VYbQX5FymGYJkHw9FmXAwcQZhOR2ugKHoG6BMcfNXh3WpogxNpGUTgvd75b9wWq95W7X68XZl/2AUR4mskjVSJR7ZJfvkiDRIkzByS+7JI3my7qwH69l6+Wgds0YzK+SHrLd36X2jhQ==</latexit>

( ,  ̃) 2 [2](2,1)
<latexit sha1_base64="iizu1INUMMXZKVIxf7DQCkmLa4k=">AAACJXicbZDLSsNAFIYn3q23qks3wSJUKCWpgi5cFN24rGC10MQymZ7UwckkzJyIJeRl3PgqblwoIrjyVZxexEv9YeCb/5zDzPmDRHCNjvNuTU3PzM7NLywWlpZXVteK6xsXOk4VgyaLRaxaAdUguIQmchTQShTQKBBwGdycDOqXt6A0j+U59hPwI9qTPOSMorE6xaOyl2he8ZCLLmQDznc9Ltsewh0GYVbL/aus/H2rfKGb7+adYsmpOkPZk+COoUTGanSKL143ZmkEEpmgWrddJ0E/owo5E5AXvFRDQtkN7UHboKQRaD8bbpnbO8bp2mGszJFoD92fExmNtO5HgemMKF7rv7WB+V+tnWJ46GdcJimCZKOHwlTYGNuDyOwuV8BQ9A1Qprj5q82uqaIMTbAFE4L7d+VJuKhV3b1q7Wy/VD8ex7FAtsg2KROXHJA6OSUN0iSM3JNH8kxerAfryXq13katU9Z4ZpP8kvXxCQJEpjA=</latexit>

{QAȦ
↵ , QBḂ

� } = ✏AB✏ȦḂP↵�
<latexit sha1_base64="9RnMKddjzXN8VKNSKvjjcMqFrdE="></latexit>

M =
[

n

Cn ⇥Hn

<latexit sha1_base64="G2QFuzRSYQZ9QkE6AIE2Ob08+7c=">AAACJ3icbZBLS8NAEMc39VXrK+rRy2IRPJWkCnpRir30IlSwD2hC2Wy37dLNJuxuhBLybbz4VbwIKqJHv4mbNPhoHVj4729mmJm/FzIqlWV9GIWl5ZXVteJ6aWNza3vH3N1ryyASmLRwwALR9ZAkjHLSUlQx0g0FQb7HSMeb1NN8544ISQN+q6YhcX004nRIMVIa9c1Lx0dqjBGLr5MLx6MjHIX9mCfwm9eT9O8o6hP5QxsZLfXNslWxsoCLws5FGeTR7JvPziDAkU+4wgxJ2bOtULkxEopiRpKSE0kSIjxBI9LTkiM91Y2zOxN4pMkADgOhH1cwo787YuRLOfU9XZnuKedzKfwv14vU8NyNKQ8jRTieDRpGDKoApqbBARUEKzbVAmFB9a4Qj5FAWGlrUxPs+ZMXRbtasU8q1ZvTcu0qt6MIDsAhOAY2OAM10ABN0AIY3INH8AJejQfjyXgz3melBSPv2Qd/wvj8Aq+8p6c=</latexit>

MC ' C ⇥ {0}
<latexit sha1_base64="ekouBjtol/+xnHMhXHB3wsdvRDU=">AAACI3icbZBNS8NAEIY39avWr6hHL4tF8FSSKiieir14ESrYD2hC2Gw37dLNJu5uhBL6X7z4V7x4UIoXD/4XN2kQbR0YeHlmhpl5/ZhRqSzr0yitrK6tb5Q3K1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+uJnVu49ESBrxezWJiRuiIacBxUhp5JlXTojUCCOW3k69tDl1JA3JA4Q/WCOlkYQO8wXCBFqOyEXFM6tWzcoDLgu7EFVQRMszZ84gwklIuMIMSdm3rVi5KRKKYkamFSeRJEZ4jIakryVHeq2b5j9O4YkmAxhEQidXMKe/J1IUSjkJfd2ZnS4Xaxn8r9ZPVHDpppTHiSIczxcFCYMqgplhcEAFwYpNtEBYUH0rxCOkHVDa1swEe/HlZdGp1+yzWv3uvNq4LuwogyNwDE6BDS5AA9yAFmgDDJ7AC3gD78az8WrMjI95a8koZg7BnzC+vgF7BqS8</latexit>

MH ' {0}⇥H
<latexit sha1_base64="4Wb+djpvvpV4voXZyWtzjK5tUoQ=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVZIqKK6KbroRKtgHNCFMppN26GQSZyZCCfkXN/6KGxdKcePCf3HSBtHWAxcO59zLvff4MaNSWdanUVpZXVvfKG9WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3xTe53H4mQNOL3ahITN0RDTgOKkdKSZ145IVIjjFh6m3lpM3MkDckDdJgvECbQcsScOErrEv50N7OKZ1atmjUDXCZ2QaqgQMszp84gwklIuMIMSdm3rVi5KRKKYkayipNIEiM8RkPS15QjvdFNZz9m8EQrAxhEQhdXcKb+nkhRKOUk9HVnfqNc9HLxP6+fqODSTSmPE0U4ni8KEgZVBPPA4IAKghWbaIKwoPpWiEdIh6J0rHkI9uLLy6RTr9lntfrdebVxXcRRBkfgGJwCG1yABmiCFmgDDJ7AC3gD78az8WpMjY95a8koZg7BHxhf34V3pMY=</latexit>Twisting: 

hC,H : SU(2)L ! SU(2)L ⇥ SU(2)C,H
<latexit sha1_base64="CVrnqb+g88vdFwuOrHsaBb6pwGc=">AAACJXicbVDLSsNAFJ3UV62vqEs3wSJUkJJUQREXxW66cFHRtIUmhMl00g6dPJiZCCXkZ9z4K25cWERw5a84aSPU1gMD5557L3fOcSNKuND1L6Wwsrq2vlHcLG1t7+zuqfsHbR7GDGEThTRkXRdyTEmATUEExd2IYei7FHfcUSPrd54w4yQMHsU4wrYPBwHxCIJCSo56Y/lQDD0GR8kwdZLGWTO91h7MSu3USe5SS4TzBfEx/62zSUct61V9Cm2ZGDkpgxwtR51Y/RDFPg4EopDznqFHwk4gEwRRnJasmOMIohEc4J6kAZQH7WTqMtVOpNLXvJDJFwhtqs5vJNDnfOy7cjLzxBd7mfhfrxcL78pOSBDFAgdodsiLqSbNZ5FpfcIwEnQsCUSMyL9qaAgZREIGW5IhGIuWl0m7VjXOq7X7i3L9No+jCI7AMagAA1yCOmiCFjABAs/gFbyDifKivCkfyudstKDkO4fgD5TvH2Woo0s=</latexit>

Q : Q2 = 0,
<latexit sha1_base64="jcE00p9jAubxjYAQcSe4imoaU/M=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFcSEmqoAhC0Y3LFuwD2lgm00k7dPJgZiKUkK0bf8WNC0Xc+gfu/BsnbRa19cDAmXPu5d573IgzqSzrx1haXlldWy9sFDe3tnd2zb39pgxjQWiDhDwUbRdLyllAG4opTtuRoNh3OW25o9vMbz1SIVkY3KtxRB0fDwLmMYKVlnom6vpYDQnmST29mv08JJX02jot9sySVbYmQIvEzkkJctR65ne3H5LYp4EiHEvZsa1IOQkWihFO02I3ljTCZIQHtKNpgH0qnWRySYqOtdJHXij0CxSaqLMdCfalHPuursxWlfNeJv7ndWLlXToJC6JY0YBMB3kxRypEWSyozwQlio81wUQwvSsiQywwUTq8LAR7/uRF0qyU7bNypX5eqt7kcRTgEI7gBGy4gCrcQQ0aQOAJXuAN3o1n49X4MD6npUtG3nMAf2B8/QJZnJly</latexit>

Moduli space:

Three types of nilpotent supercharges:

{QC ,QH ,Qhol}
<latexit sha1_base64="FazoY7EI1htlbgjohppovAQry98=">AAACJXicbVDLSsNAFJ3UV62vqEs3wSK4kJJUQRcuit102YJ9QBPCZDpth04ezNyIJeRn3PgrblxYRHDlrzhps7CtBwbOPede5t7jRZxJMM1vrbCxubW9U9wt7e0fHB7pxycdGcaC0DYJeSh6HpaUs4C2gQGnvUhQ7Hucdr1JPfO7T1RIFgaPMI2o4+NRwIaMYFCSq9/bie1jGBPMk1bqJvX0aqlurNQ20GdIxiFPUzt19bJZMecw1omVkzLK0XT1mT0ISezTAAjHUvYtMwInwQIY4TQt2bGkESYTPKJ9RQPsU+kk8ytT40IpA2MYCvUCMObq34kE+1JOfU91ZhvLVS8T//P6MQzvnIQFUQw0IIuPhjE3IDSyyIwBE5QAnyqCiWBqV4OMscAEVLAlFYK1evI66VQr1nWl2rop1x7yOIroDJ2jS2ShW1RDDdREbUTQC3pDH2imvWrv2qf2tWgtaPnMKVqC9vMLDj6neA==</latexit>

3d N = 4
<latexit sha1_base64="QlNW2BB+SlavyVaOsgam1Fo2s8A=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRbBhZSZtqAboejGlVSwD2iHkslk2tDMgyQj1KH4K25cKOLW/3Dn35hpZ6GtJwQO59xLTo4bcyaVZX0bS8srq2vrhY3i5tb2zq65t9+SUSIIbZKIR6LjYkk5C2lTMcVpJxYUBy6nbXd0nfntByoki8J7NY6pE+BByHxGsNJS3zyseqh3pk+A1ZBgnt5OLmt9s2SVrSnQIrFzUoIcjb751fMikgQ0VIRjKbu2FSsnxUIxwumk2EskjTEZ4QHtahrigEonnaafoBOteMiPhL6hQlP190aKAynHgasns5By3svE/7xuovwLJ2VhnCgaktlDfsKRilBWBfKYoETxsSaYCKazIjLEAhOlCyvqEuz5Ly+SVqVsV8uVu1qpfpXXUYAjOIZTsOEc6nADDWgCgUd4hld4M56MF+Pd+JiNLhn5zgH8gfH5A82WlCs=</latexit>



Consider topological supercharges as deformations of the holomorphic one:

QH = Qhol. + ⇣QH
<latexit sha1_base64="3pV17aLUCK0neRimKBB0WFFZuF8=">AAACHnicbVDLSgNBEJz1bXxFPXoZDIIghF0f6EUQveSYgFEhuyyzk04yOPtgpleMy36JF3/FiwdFBE/6N87GHExiwUBNVTfdXUEihUbb/rampmdm5+YXFktLyyura+X1jSsdp4pDk8cyVjcB0yBFBE0UKOEmUcDCQMJ1cHtR+Nd3oLSIo0vsJ+CFrBuJjuAMjeSXj9yQYY8zmTVyP6vlpyN/F+Ees14sq3m+5z4AMtooqvxyxa7aA9BJ4gxJhQxR98ufbjvmaQgRcsm0bjl2gl7GFAouIS+5qYaE8VvWhZahEQtBe9ngvJzuGKVNO7EyL0I6UP92ZCzUuh8GprJYXo97hfif10qxc+JlIkpShIj/DuqkkmJMi6xoWyjgKPuGMK6E2ZXyHlOMo0m0ZEJwxk+eJFf7Veegut84rJydD+NYIFtkm+wShxyTM1IjddIknDySZ/JK3qwn68V6tz5+S6esYc8mGYH19QNAP6PH</latexit>

QC = Qhol. + ⇣QC
<latexit sha1_base64="J/dp0Wvd7DFvYieUOhNFeTB7JuY=">AAACHnicbVDJSgNBEO1xjXGLevTSGARBCDNR0YsQzMVjAmaBTAg9nYpp0rPQXSPGYb7Ei7/ixYMigif9G3uSHNweNLx+r4qqel4khUbb/rTm5hcWl5ZzK/nVtfWNzcLWdlOHseLQ4KEMVdtjGqQIoIECJbQjBcz3JLS8UTXzWzegtAiDKxxH0PXZdSAGgjM0Uq9w4voMh5zJpJ72kmp6/uPvItxiMgxlKU0P3TtARutZVa9QtEv2BPQvcWakSGao9Qrvbj/ksQ8Bcsm07jh2hN2EKRRcQpp3Yw0R4yN2DR1DA+aD7iaT81K6b5Q+HYTKvADpRP3ekTBf67Hvmcpsef3by8T/vE6Mg7NuIoIoRgj4dNAglhRDmmVF+0IBRzk2hHElzK6UD5liHE2ieROC8/vkv6RZLjlHpXL9uFi5mMWRI7tkjxwQh5ySCrkkNdIgnNyTR/JMXqwH68l6td6mpXPWrGeH/ID18QUwT6O9</latexit>

Gaiotto-Costello ‘18

Apply to construction of appropriate boundary conditions!

N = (0, 4) :
<latexit sha1_base64="aKgNw3nUWgvEQrAoicWTA1dm3HY=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyxCBSkztaAIQtGNK6lgH9AOJZOmbWjmQZIRyzC/4saFIm79EXf+jZl2Ftp6IHA4517uyXFDzqSyrG8jt7K6tr6R3yxsbe/s7pn7xZYMIkFokwQ8EB0XS8qZT5uKKU47oaDYczltu5Ob1G8/UiFZ4D+oaUgdD498NmQEKy31zWLPw2pMMI/vkquydVo7ueybJatizYCWiZ2REmRo9M2v3iAgkUd9RTiWsmtboXJiLBQjnCaFXiRpiMkEj2hXUx97VDrxLHuCjrUyQMNA6OcrNFN/b8TYk3LquXoyTSoXvVT8z+tGanjhxMwPI0V9Mj80jDhSAUqLQAMmKFF8qgkmgumsiIyxwETpugq6BHvxy8ukVa3YZ5Xqfa1Uv87qyMMhHEEZbDiHOtxCA5pA4Ame4RXejMR4Md6Nj/lozsh2DuAPjM8fLWyTNw==</latexit>

Compatible with bulk holomorphic  but  not topological twist 

Deformable to be compatible with bulk topological twist  

Holomorphic twist

Deform

Topologically twisted theory 
N = (2, 2) :

<latexit sha1_base64="9EM2Ywx0TYEhQtBrclA0/5Ng4UA=">AAAB+3icbVDLSsNAFL3xWesr1qWbYBEqSEmioAhC0Y0rqWAf0IYymU7boZNJmJmIJeRX3LhQxK0/4s6/cdJmoa0HBg7n3Ms9c/yIUals+9tYWl5ZXVsvbBQ3t7Z3ds29UlOGscCkgUMWiraPJGGUk4aiipF2JAgKfEZa/vgm81uPREga8gc1iYgXoCGnA4qR0lLPLHUDpEYYseQuvaq4J+7xZc8s21V7CmuRODkpQ456z/zq9kMcB4QrzJCUHceOlJcgoShmJC12Y0kihMdoSDqachQQ6SXT7Kl1pJW+NQiFflxZU/X3RoICKSeBryezpHLey8T/vE6sBhdeQnkUK8Lx7NAgZpYKrawIq08FwYpNNEFYUJ3VwiMkEFa6rqIuwZn/8iJpulXntOren5Vr13kdBTiAQ6iAA+dQg1uoQwMwPMEzvMKbkRovxrvxMRtdMvKdffgD4/MHLXCTNw==</latexit>

Compatible with both holomorphic and  topological twist 

with boundaries:3d N = 4
<latexit sha1_base64="QlNW2BB+SlavyVaOsgam1Fo2s8A=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRbBhZSZtqAboejGlVSwD2iHkslk2tDMgyQj1KH4K25cKOLW/3Dn35hpZ6GtJwQO59xLTo4bcyaVZX0bS8srq2vrhY3i5tb2zq65t9+SUSIIbZKIR6LjYkk5C2lTMcVpJxYUBy6nbXd0nfntByoki8J7NY6pE+BByHxGsNJS3zyseqh3pk+A1ZBgnt5OLmt9s2SVrSnQIrFzUoIcjb751fMikgQ0VIRjKbu2FSsnxUIxwumk2EskjTEZ4QHtahrigEonnaafoBOteMiPhL6hQlP190aKAynHgasns5By3svE/7xuovwLJ2VhnCgaktlDfsKRilBWBfKYoETxsSaYCKazIjLEAhOlCyvqEuz5Ly+SVqVsV8uVu1qpfpXXUYAjOIZTsOEc6nADDWgCgUd4hld4M56MF+Pd+JiNLhn5zgH8gfH5A82WlCs=</latexit>



(0,4) b.c for free hypermultiplet: 

Qhol. + ⇣QH,C
<latexit sha1_base64="dh+vkT1prmndCYrLpovIqrfdnOY=">AAACEHicbVA9SwNBEN3z2/gVtbRZDKKghLsoaBm0sTRgNJA7jr3NJFmy98HunBiP+wk2/hUbC0VsLe38N27iFRp9MPB4b4aZeUEihUbb/rSmpmdm5+YXFktLyyura+X1jSsdp4pDk8cyVq2AaZAigiYKlNBKFLAwkHAdDM5G/vUNKC3i6BKHCXgh60WiKzhDI/nlXTdk2OdMZo3cz1yEW8z6sazm+b57B8how8/OD85yv1yxq/YY9C9xClIhBS788ofbiXkaQoRcMq3bjp2glzGFgkvIS26qIWF8wHrQNjRiIWgvGz+U0x2jdGg3VqYipGP150TGQq2HYWA6R+frSW8k/ue1U+yeeJmIkhQh4t+LuqmkGNNROrQjFHCUQ0MYV8LcSnmfKcbRZFgyITiTL/8lV7Wqc1itNY4q9dMijgWyRbbJHnHIMamTc3JBmoSTe/JInsmL9WA9Wa/W23frlFXMbJJfsN6/ADwfnU8=</latexit>

J hol
? + ⇣JH,C

? = 0
<latexit sha1_base64="Ttt9VouP6yMj8BkyGvlzUN/iSy0=">AAACK3icbVDJSgNBFOyJW4xb1KOXxiAISphRQS+CJJfgScEskImhp/OSNOlZ6H4jxmH+x4u/4kEPLnj1P+zEHNRY0FBU1aPfKy+SQqNtv1mZmdm5+YXsYm5peWV1Lb++UdNhrDhUeShD1fCYBikCqKJACY1IAfM9CXVvUB759RtQWoTBFQ4jaPmsF4iu4AyN1M6XXJ9hnzOZnKftxI1ARel14iLcYtIPZZruuXeAjP4bq+yX01O7nS/YRXsMOk2cCSmQCS7a+Se3E/LYhwC5ZFo3HTvCVsIUCi4hzbmxhojxAetB09CA+aBbyfjWlO4YpUO7oTIvQDpWf04kzNd66HsmOVpZ//VG4n9eM8buSSsRQRQjBPz7o24sKYZ0VBztCAUc5dAQxpUwu1LeZ4pxNPXmTAnO35OnSe2g6BwWDy6PCmelSR1ZskW2yS5xyDE5IxVyQaqEk3vySF7Iq/VgPVvv1sd3NGNNZjbJL1ifX2nLqY4=</latexit>

C : B̃D� :
<latexit sha1_base64="QntbzH/uhcI3zCWrP0wpKkfFFoI=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSlIFpavSunBZwT6gCWUymbZDJw9nboQS8gFu/BU3LhRx6we482+ctFlo64GBwznnMvceNxJcgWl+Gyura+sbm4Wt4vbO7t5+6eCwo8JYUtamoQhlzyWKCR6wNnAQrBdJRnxXsK47aWZ+94FJxcPgDqYRc3wyCviQUwJaGpTKzZp9HxPPBi48ltg+gTElImmk6SC5Tu1ozGs6ZVbMGfAysXJSRjlag9KX7YU09lkAVBCl+pYZgZMQCZwKlhbtWLGI0AkZsb6mAfGZcpLZMSk+1YqHh6HULwA8U39PJMRXauq7Opktqxa9TPzP68cwvHISHkQxsIDOPxrGAkOIs2awxyWjIKaaECq53hXTMZGEgu6vqEuwFk9eJp1qxTqvVG8vyvVGXkcBHaMTdIYsdInq6Aa1UBtR9Iie0St6M56MF+Pd+JhHV4x85gj9gfH5A2kjm9k=</latexit>

(0,4) Dirichlet b.c can be deformed to be compatible with C-twist

H : B̃N� :
<latexit sha1_base64="QR/JK4j+51W1L3bELM5z6jX6/dQ=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSlIFpatSN11JBfuAJpTJZNoOnTycuRFKyAe48VfcuFDErR/gzr9x0mahrQcGDuecy9x73EhwBab5baysrq1vbBa2its7u3v7pYPDjgpjSVmbhiKUPZcoJnjA2sBBsF4kGfFdwbru5Drzuw9MKh4GdzCNmOOTUcCHnBLQ0qBUbtbs+5h4NnDhscT2CYwpEUkjTQfJTWpHY17TKbNizoCXiZWTMsrRGpS+bC+ksc8CoIIo1bfMCJyESOBUsLRox4pFhE7IiPU1DYjPlJPMjknxqVY8PAylfgHgmfp7IiG+UlPf1clsWbXoZeJ/Xj+G4ZWT8CCKgQV0/tEwFhhCnDWDPS4ZBTHVhFDJ9a6YjokkFHR/RV2CtXjyMulUK9Z5pXp7Ua438joK6BidoDNkoUtUR03UQm1E0SN6Rq/ozXgyXox342MeXTHymSP0B8bnD4DFm+g=</latexit>

(0,4) Neumann b.c can be deformed to be compatible with H-twist

S@ 7! S@ + S
<latexit sha1_base64="Givu8C1Z4pzBMeUajo6oou2/BjE=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0UQhJBUQZdFNy4rtQ9oQphMJ+3QSTLMTIQS8hdu/BU3LhRxqzv/xkmbhbYeGDicc++de0/AGZXKtr+Nysrq2vpGdbO2tb2zu2fuH3RlkgpMOjhhiegHSBJGY9JRVDHS54KgKGCkF0xuCr/3QISkSXyvppx4ERrFNKQYKS35ptX2M5cjoShiuRshLlUCf2vwDGpZjTFiWTv3zbpt2TPAZeKUpA5KtHzzyx0mOI1IrDBDUg4cmysvK4ZjRvKam0rCEZ6gERloGqOISC+b3ZXDE60MYZgI/WIFZ+rvjgxFUk6jQFcWK8pFrxD/8wapCq+8jMY8VSTG84/ClEF9exESHFJBsGJTTRAWVO8K8RgJhJWOsqZDcBZPXibdhuWcW427i3rzuoyjCo7AMTgFDrgETXALWqADMHgEz+AVvBlPxovxbnzMSytG2XMI/sD4/AHltKBd</latexit>

�QholS = JQhol.

@
<latexit sha1_base64="fOMPRUtBxLubqIRAlUu+3E/hNMY="></latexit>

,

Defo preserving H,C-deformed susy if: �Qhol S̃ = JQH,C

@
<latexit sha1_base64="8+yUyNfs3AGj1KqT2uCha0TJfZM="></latexit>

S̃ = SSb
<latexit sha1_base64="/pN3KT8JVYdyoGGRPD83HXdHOLU=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuCpJFXQjFN24rNReoAlhMpm0QyeTMDMRSsjeja/ixoUibn0Bd76N0zagtv4w8PGfc5hzfj9hVCrL+jJKK6tr6xvlzcrW9s7unrl/0JVxKjDp4JjFou8jSRjlpKOoYqSfCIIin5GeP76e1nv3REga8zs1SYgboSGnIcVIacszq46iLCCZEyE18v2sneeXP+xlbT/3zJpVt2aCy2AXUAOFWp756QQxTiPCFWZIyoFtJcrNkFAUM5JXnFSSBOExGpKBRo4iIt1sdksOj7UTwDAW+nEFZ+7viQxFUk4iX3dO15SLtan5X22QqvDCzShPUkU4nn8UpgyqGE6DgQEVBCs20YCwoHpXiEdIIKx0fBUdgr148jJ0G3X7tN64Pas1r4o4yuAIVMEJsME5aIIb0AIdgMEDeAIv4NV4NJ6NN+N93loyiplD8EfGxzdT5Jvc</latexit>

N:    H-twist

S̃ = SFc
<latexit sha1_base64="jVMfJMpN12u0fPfMh4smLkvbLp4=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuCpJFXQjFAVxWdFeoAlhMpm2QyeTMDMRSsjeja/ixoUibn0Bd76Nkzagtv4w8PGfc5hzfj9mVCrL+jJKS8srq2vl9crG5tb2jrm715FRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP77M6917IiSN+J2axMQN0ZDTAcVIacszq46iLCCpEyI18v30NsvOf9hLr3DmmTWrbk0FF8EuoAYKtTzz0wkinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9jRyFRLrp9JYMHmongINI6McVnLq/J1IUSjkJfd2Zrynna7n5X62fqMGZm1IeJ4pwPPtokDCoIpgHAwMqCFZsogFhQfWuEI+QQFjp+Co6BHv+5EXoNOr2cb1xc1JrXhRxlMEBqIIjYINT0ATXoAXaAIMH8ARewKvxaDwbb8b7rLVkFDP74I+Mj29Bm5vQ</latexit>

D:    C-twist

Gaiotto-Rapčak ‘18 

Symplectic Boson VOA

Symplectic Fermion VOA

Or how deformations of bdy conditions are induced by deformations of the preserved susy:

X(z)Y (w) ⇠ 1

z � w
<latexit sha1_base64="fUJLTFWxQ9TnReMn+1f9KAsUCdA=">AAACAnicbVDLSsNAFJ34rPUVdSVugkVoF5akCrosunFZwT6kCWUynbRDZyZhZmJpQ3Djr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jR5RIZdvfxtLyyuraem4jv7m1vbNr7u03ZBgLhOsopKFo+VBiSjiuK6IobkUCQ+ZT3PQH1xO/+YCFJCG/U6MIewz2OAkIgkpLHfOwVRyX7ovDkisJcwMBUeKkyfh0mHbMgl22p7AWiZORAshQ65hfbjdEMcNcIQqlbDt2pLwECkUQxWnejSWOIBrAHm5ryiHD0kumL6TWiVa6VhAKXVxZU/X3RAKZlCPm604GVV/OexPxP68dq+DSSwiPYoU5mi0KYmqp0JrkYXWJwEjRkSYQCaJvtVAf6hyUTi2vQ3DmX14kjUrZOStXbs8L1assjhw4AsegCBxwAargBtRAHSDwCJ7BK3gznowX4934mLUuGdnMAfgD4/MHXOaWyQ==</latexit>

x(z)y(w) ⇠ 1

(z � w)2
<latexit sha1_base64="wjEZINb4GjhEAFUTfMjIwKKyO4Y=">AAACCHicbVC7TsNAEDyHVwgvAyUFFhGSUxDZAQnKCBrKIJGHlJjofDknp9zZ1t2Z4FguafgVGgoQouUT6PgbLokLSBhppdHMrnZ33JASIS3rW8stLa+sruXXCxubW9s7+u5eQwQRR7iOAhrwlgsFpsTHdUkkxa2QY8hcipvu8GriN+8xFyTwb2UcYofBvk88gqBUUlc/fDDHpdgclTqCsI7HIUrsNDHHJ6PSXVJJ065etMrWFMYisTNSBBlqXf2r0wtQxLAvEYVCtG0rlE4CuSSI4rTQiQQOIRrCPm4r6kOGhZNMH0mNY6X0DC/gqnxpTNXfEwlkQsTMVZ0MyoGY9ybif147kt6FkxA/jCT20WyRF1FDBsYkFaNHOEaSxopAxIm61UADqNKQKruCCsGef3mRNCpl+7RcuTkrVi+zOPLgABwBE9jgHFTBNaiBOkDgETyDV/CmPWkv2rv2MWvNadnMPvgD7fMHqgmZHg==</latexit>

with boundaries:3d N = 4
<latexit sha1_base64="QlNW2BB+SlavyVaOsgam1Fo2s8A=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRbBhZSZtqAboejGlVSwD2iHkslk2tDMgyQj1KH4K25cKOLW/3Dn35hpZ6GtJwQO59xLTo4bcyaVZX0bS8srq2vrhY3i5tb2zq65t9+SUSIIbZKIR6LjYkk5C2lTMcVpJxYUBy6nbXd0nfntByoki8J7NY6pE+BByHxGsNJS3zyseqh3pk+A1ZBgnt5OLmt9s2SVrSnQIrFzUoIcjb751fMikgQ0VIRjKbu2FSsnxUIxwumk2EskjTEZ4QHtahrigEonnaafoBOteMiPhL6hQlP190aKAynHgasns5By3svE/7xuovwLJ2VhnCgaktlDfsKRilBWBfKYoETxsSaYCKazIjLEAhOlCyvqEuz5Ly+SVqVsV8uVu1qpfpXXUYAjOIZTsOEc6nADDWgCgUd4hld4M56MF+Pd+JiNLhn5zgH8gfH5A82WlCs=</latexit>



Brane engineering:

3d N=4 theories can be  realized as brane world volume theories: 

x6
<latexit sha1_base64="FehWU6IfNVgyxh8q1/Rn/vZkuBo=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiieyiUY9ELx4xcYEEVtItXWjotpu2ayQbfoMXDxrj1R/kzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWjm6nfeqRKMynuzTihQYwHgkWMYGMl/+khu5j0yhW36s6AlomXkwrkaPTKX92+JGlMhSEca93x3MQEGVaGEU4npW6qaYLJCA9ox1KBY6qDbHbsBJ1YpY8iqWwJg2bq74kMx1qP49B2xtgM9aI3Ff/zOqmJroKMiSQ1VJD5oijlyEg0/Rz1maLE8LElmChmb0VkiBUmxuZTsiF4iy8vk2at6p1Va3fnlfp1HkcRjuAYTsGDS6jDLTTABwIMnuEV3hzhvDjvzse8teDkM4fwB87nD9emjrQ=</latexit>

x2
<latexit sha1_base64="ZaBeOnud/e+TSnvSXnDVODZquOc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttLJvttl262YTdiVhCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJxqxn0Wy1i3Qmq4FIr7KFDyVqI5jULJm+HoZuo3H7k2Ilb3OE54ENGBEn3BKFrJf3rIqpNuqexW3BnIMvFyUoYc9W7pq9OLWRpxhUxSY9qem2CQUY2CST4pdlLDE8pGdMDblioacRNks2Mn5NQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/FWRCJSlyxeaL+qkkGJPp56QnNGcox5ZQpoW9lbAh1ZShzadoQ/AWX14mjWrFO69U7y7Ktes8jgIcwwmcgQeXUINbqIMPDAQ8wyu8Ocp5cd6dj3nripPPHMEfOJ8/0ZKOsA==</latexit>

D3
<latexit sha1_base64="IaCZ4PZQ8w9Lw8VSEsoqu8q+FZ4=">AAAB8HicbVA9TwJBEN3DL8Qv1NLmIjGxIndgoiVRC0tMBDRwIXvLABt29y67c0Zy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8MBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QNFGiGTRYJCJ9H1IDgitoIEcB97EGKkMBrXB0NfVbj6ANj9QdjmMIJB0o3ueMopUeOghPmF5XJ91iySt7M7jLxM9IiWSod4tfnV7EEgkKmaDGtH0vxiClGjkTMCl0EgMxZSM6gLalikowQTo7eOKeWKXn9iNtS6E7U39PpFQaM5ah7ZQUh2bRm4r/ee0E+xdBylWcICg2X9RPhIuRO/3e7XENDMXYEso0t7e6bEg1ZWgzKtgQ/MWXl0mzUvar5crtWal2mcWRJ0fkmJwSn5yTGrkhddIgjEjyTF7Jm6OdF+fd+Zi35pxs5pD8gfP5A85XkGg=</latexit>

D5
<latexit sha1_base64="hf15+rxxmglj1TUFBIl6Zao/srI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DGoB48RzEOSJcxOJsmQmd1lplcMS77CiwdFvPo53vwbJ8keNLGgoajqprsriKUw6LrfztLyyuraem4jv7m1vbNb2NuvmyjRjNdYJCPdDKjhUoS8hgIlb8aaUxVI3giG1xO/8ci1EVF4j6OY+4r2Q9ETjKKVHtrInzC9OR93CkW35E5BFomXkSJkqHYKX+1uxBLFQ2SSGtPy3Bj9lGoUTPJxvp0YHlM2pH3esjSkihs/nR48JsdW6ZJepG2FSKbq74mUKmNGKrCdiuLAzHsT8T+vlWDv0k9FGCfIQzZb1EskwYhMviddoTlDObKEMi3srYQNqKYMbUZ5G4I3//IiqZdL3mmpfHdWrFxlceTgEI7gBDy4gArcQhVqwEDBM7zCm6OdF+fd+Zi1LjnZzAH8gfP5A9FhkGo=</latexit>

NS5
<latexit sha1_base64="0pXtvsD39LZzLUECBtER9g8b7gU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSRV0WPRiyepaD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPz/FhwjY7zbeWWlldW1/LrhY3Nre2d4u5eQ0eJYlBnkYhUy6caBJdQR44CWrECGvoCmv7wauI3H0FpHsl7HMXghbQvecAZRSM9dBCeML25Oxt3iyWn7ExhLxI3IyWSodYtfnV6EUtCkMgE1brtOjF6KVXImYBxoZNoiCkb0j60DZU0BO2l04vH9pFRenYQKVMS7an6eyKlodaj0DedIcWBnvcm4n9eO8Hgwku5jBMEyWaLgkTYGNmT9+0eV8BQjAyhTHFzq80GVFGGJqSCCcGdf3mRNCpl96RcuT0tVS+zOPLkgBySY+KSc1Il16RG6oQRSZ7JK3mztPVivVsfs9aclc3skz+wPn8AhvyQ0Q==</latexit>

D3
<latexit sha1_base64="IaCZ4PZQ8w9Lw8VSEsoqu8q+FZ4=">AAAB8HicbVA9TwJBEN3DL8Qv1NLmIjGxIndgoiVRC0tMBDRwIXvLABt29y67c0Zy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8MBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QNFGiGTRYJCJ9H1IDgitoIEcB97EGKkMBrXB0NfVbj6ANj9QdjmMIJB0o3ueMopUeOghPmF5XJ91iySt7M7jLxM9IiWSod4tfnV7EEgkKmaDGtH0vxiClGjkTMCl0EgMxZSM6gLalikowQTo7eOKeWKXn9iNtS6E7U39PpFQaM5ah7ZQUh2bRm4r/ee0E+xdBylWcICg2X9RPhIuRO/3e7XENDMXYEso0t7e6bEg1ZWgzKtgQ/MWXl0mzUvar5crtWal2mcWRJ0fkmJwSn5yTGrkhddIgjEjyTF7Jm6OdF+fd+Zi35pxs5pD8gfP5A85XkGg=</latexit>

D5
0

<latexit sha1_base64="CVJcxrgf9FeVDOnoB/R5M/BrsDE=">AAAB9HicbVBNT8JAEN3iF+IX6tHLRmL0RFrU6JGoB4+YyEcClWyXLWzYbuvulEia/g4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XiS4Btv+tnJLyyura/n1wsbm1vZOcXevocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXk/85ogpzUN5D+OIuQHpS+5zSsBIbgfYEyQ35+lDcpx2iyW7bE+BF4mTkRLKUOsWvzq9kMYBk0AF0brt2BG4CVHAqWBpoRNrFhE6JH3WNlSSgGk3mR6d4iOj9LAfKlMS8FT9PZGQQOtx4JnOgMBAz3sT8T+vHYN/6SZcRjEwSWeL/FhgCPEkAdzjilEQY0MIVdzciumAKELB5FQwITjzLy+SRqXsnJYrd2el6lUWRx4doEN0ghx0garoFtVQHVH0iJ7RK3qzRtaL9W59zFpzVjazj/7A+vwBt12SDw==</latexit>

(NS5
0
)

<latexit sha1_base64="woYKYgcNOrcJ+JoXc2FqU35pFdo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BItYLyWpih6LXjxJRfsBbSyb7aZdutmE3UmxhPwTLx4U8eo/8ea/cdvmoK0PBh7vzTAzz4s4U2Db30ZuaXlldS2/XtjY3NreMXf3GiqMJaF1EvJQtjysKGeC1oEBp61IUhx4nDa94fXEb46oVCwUDzCOqBvgvmA+Ixi01DXNUgfoEyS39+fpY3KcnnTNol22p7AWiZORIspQ65pfnV5I4oAKIBwr1XbsCNwES2CE07TQiRWNMBniPm1rKnBAlZtML0+tI630LD+UugRYU/X3RIIDpcaBpzsDDAM1703E/7x2DP6lmzARxUAFmS3yY25BaE1isHpMUgJ8rAkmkulbLTLAEhPQYRV0CM78y4ukUSk7p+XK3VmxepXFkUcH6BCVkIMuUBXdoBqqI4JG6Bm9ojcjMV6Md+Nj1pozspl99AfG5w+y3ZMM</latexit>

D5
<latexit sha1_base64="hf15+rxxmglj1TUFBIl6Zao/srI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DGoB48RzEOSJcxOJsmQmd1lplcMS77CiwdFvPo53vwbJ8keNLGgoajqprsriKUw6LrfztLyyuraem4jv7m1vbNb2NuvmyjRjNdYJCPdDKjhUoS8hgIlb8aaUxVI3giG1xO/8ci1EVF4j6OY+4r2Q9ETjKKVHtrInzC9OR93CkW35E5BFomXkSJkqHYKX+1uxBLFQ2SSGtPy3Bj9lGoUTPJxvp0YHlM2pH3esjSkihs/nR48JsdW6ZJepG2FSKbq74mUKmNGKrCdiuLAzHsT8T+vlWDv0k9FGCfIQzZb1EskwYhMviddoTlDObKEMi3srYQNqKYMbUZ5G4I3//IiqZdL3mmpfHdWrFxlceTgEI7gBDy4gArcQhVqwEDBM7zCm6OdF+fd+Zi1LjnZzAH8gfP5A9FhkGo=</latexit>

D3
<latexit sha1_base64="IaCZ4PZQ8w9Lw8VSEsoqu8q+FZ4=">AAAB8HicbVA9TwJBEN3DL8Qv1NLmIjGxIndgoiVRC0tMBDRwIXvLABt29y67c0Zy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8MBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QNFGiGTRYJCJ9H1IDgitoIEcB97EGKkMBrXB0NfVbj6ANj9QdjmMIJB0o3ueMopUeOghPmF5XJ91iySt7M7jLxM9IiWSod4tfnV7EEgkKmaDGtH0vxiClGjkTMCl0EgMxZSM6gLalikowQTo7eOKeWKXn9iNtS6E7U39PpFQaM5ah7ZQUh2bRm4r/ee0E+xdBylWcICg2X9RPhIuRO/3e7XENDMXYEso0t7e6bEg1ZWgzKtgQ/MWXl0mzUvar5crtWal2mcWRJ0fkmJwSn5yTGrkhddIgjEjyTF7Jm6OdF+fd+Zi35pxs5pD8gfP5A85XkGg=</latexit> D3

<latexit sha1_base64="IaCZ4PZQ8w9Lw8VSEsoqu8q+FZ4=">AAAB8HicbVA9TwJBEN3DL8Qv1NLmIjGxIndgoiVRC0tMBDRwIXvLABt29y67c0Zy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8MBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QNFGiGTRYJCJ9H1IDgitoIEcB97EGKkMBrXB0NfVbj6ANj9QdjmMIJB0o3ueMopUeOghPmF5XJ91iySt7M7jLxM9IiWSod4tfnV7EEgkKmaDGtH0vxiClGjkTMCl0EgMxZSM6gLalikowQTo7eOKeWKXn9iNtS6E7U39PpFQaM5ah7ZQUh2bRm4r/ee0E+xdBylWcICg2X9RPhIuRO/3e7XENDMXYEso0t7e6bEg1ZWgzKtgQ/MWXl0mzUvar5crtWal2mcWRJ0fkmJwSn5yTGrkhddIgjEjyTF7Jm6OdF+fd+Zi35pxs5pD8gfP5A85XkGg=</latexit>

NS5
<latexit sha1_base64="0pXtvsD39LZzLUECBtER9g8b7gU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSRV0WPRiyepaD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPz/FhwjY7zbeWWlldW1/LrhY3Nre2d4u5eQ0eJYlBnkYhUy6caBJdQR44CWrECGvoCmv7wauI3H0FpHsl7HMXghbQvecAZRSM9dBCeML25Oxt3iyWn7ExhLxI3IyWSodYtfnV6EUtCkMgE1brtOjF6KVXImYBxoZNoiCkb0j60DZU0BO2l04vH9pFRenYQKVMS7an6eyKlodaj0DedIcWBnvcm4n9eO8Hgwku5jBMEyWaLgkTYGNmT9+0eV8BQjAyhTHFzq80GVFGGJqSCCcGdf3mRNCpl96RcuT0tVS+zOPLkgBySY+KSc1Il16RG6oQRSZ7JK3mztPVivVsfs9aclc3skz+wPn8AhvyQ0Q==</latexit>

Boundaries realized from extra IIB five-branes:

Hanany-Okazaki ‘18

N = (0, 4)
<latexit sha1_base64="btZGVThkjIrxsoisn7Mz6TilE90=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQQUpSC7oRim5cSQX7gDaUyXTSDp1MwsxEKbGf4saFIm79Enf+jZM2C209MHA4517umeNFjEpl299GbmV1bX0jv1nY2t7Z3TOL+y0ZxgKTJg5ZKDoekoRRTpqKKkY6kSAo8Bhpe+Pr1G8/ECFpyO/VJCJugIac+hQjpaW+WewFSI0wYsnt9LJsn9ZO+mbJrtgzWMvEyUgJMjT65ldvEOI4IFxhhqTsOnak3AQJRTEj00IvliRCeIyGpKspRwGRbjKLPrWOtTKw/FDox5U1U39vJCiQchJ4ejINKhe9VPzP68bKv3ATyqNYEY7nh/yYWSq00h6sARUEKzbRBGFBdVYLj5BAWOm2CroEZ/HLy6RVrThnlepdrVS/yurIwyEcQRkcOIc63EADmoDhEZ7hFd6MJ+PFeDc+5qM5I9s5gD8wPn8AqriS8w==</latexit>

D3
<latexit sha1_base64="IaCZ4PZQ8w9Lw8VSEsoqu8q+FZ4=">AAAB8HicbVA9TwJBEN3DL8Qv1NLmIjGxIndgoiVRC0tMBDRwIXvLABt29y67c0Zy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8MBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QNFGiGTRYJCJ9H1IDgitoIEcB97EGKkMBrXB0NfVbj6ANj9QdjmMIJB0o3ueMopUeOghPmF5XJ91iySt7M7jLxM9IiWSod4tfnV7EEgkKmaDGtH0vxiClGjkTMCl0EgMxZSM6gLalikowQTo7eOKeWKXn9iNtS6E7U39PpFQaM5ah7ZQUh2bRm4r/ee0E+xdBylWcICg2X9RPhIuRO/3e7XENDMXYEso0t7e6bEg1ZWgzKtgQ/MWXl0mzUvar5crtWal2mcWRJ0fkmJwSn5yTGrkhddIgjEjyTF7Jm6OdF+fd+Zi35pxs5pD8gfP5A85XkGg=</latexit>

NS5
<latexit sha1_base64="0pXtvsD39LZzLUECBtER9g8b7gU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSRV0WPRiyepaD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPz/FhwjY7zbeWWlldW1/LrhY3Nre2d4u5eQ0eJYlBnkYhUy6caBJdQR44CWrECGvoCmv7wauI3H0FpHsl7HMXghbQvecAZRSM9dBCeML25Oxt3iyWn7ExhLxI3IyWSodYtfnV6EUtCkMgE1brtOjF6KVXImYBxoZNoiCkb0j60DZU0BO2l04vH9pFRenYQKVMS7an6eyKlodaj0DedIcWBnvcm4n9eO8Hgwku5jBMEyWaLgkTYGNmT9+0eV8BQjAyhTHFzq80GVFGGJqSCCcGdf3mRNCpl96RcuT0tVS+zOPLkgBySY+KSc1Il16RG6oQRSZ7JK3mztPVivVsfs9aclc3skz+wPn8AhvyQ0Q==</latexit>

D5
0

<latexit sha1_base64="CVJcxrgf9FeVDOnoB/R5M/BrsDE=">AAAB9HicbVBNT8JAEN3iF+IX6tHLRmL0RFrU6JGoB4+YyEcClWyXLWzYbuvulEia/g4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XiS4Btv+tnJLyyura/n1wsbm1vZOcXevocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXk/85ogpzUN5D+OIuQHpS+5zSsBIbgfYEyQ35+lDcpx2iyW7bE+BF4mTkRLKUOsWvzq9kMYBk0AF0brt2BG4CVHAqWBpoRNrFhE6JH3WNlSSgGk3mR6d4iOj9LAfKlMS8FT9PZGQQOtx4JnOgMBAz3sT8T+vHYN/6SZcRjEwSWeL/FhgCPEkAdzjilEQY0MIVdzciumAKELB5FQwITjzLy+SRqXsnJYrd2el6lUWRx4doEN0ghx0garoFtVQHVH0iJ7RK3qzRtaL9W59zFpzVjazj/7A+vwBt12SDw==</latexit>

(NS5
0
)

<latexit sha1_base64="woYKYgcNOrcJ+JoXc2FqU35pFdo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BItYLyWpih6LXjxJRfsBbSyb7aZdutmE3UmxhPwTLx4U8eo/8ea/cdvmoK0PBh7vzTAzz4s4U2Db30ZuaXlldS2/XtjY3NreMXf3GiqMJaF1EvJQtjysKGeC1oEBp61IUhx4nDa94fXEb46oVCwUDzCOqBvgvmA+Ixi01DXNUgfoEyS39+fpY3KcnnTNol22p7AWiZORIspQ65pfnV5I4oAKIBwr1XbsCNwES2CE07TQiRWNMBniPm1rKnBAlZtML0+tI630LD+UugRYU/X3RIIDpcaBpzsDDAM1703E/7x2DP6lmzARxUAFmS3yY25BaE1isHpMUgJ8rAkmkulbLTLAEhPQYRV0CM78y4ukUSk7p+XK3VmxepXFkUcH6BCVkIMuUBXdoBqqI4JG6Bm9ojcjMV6Md+Nj1pozspl99AfG5w+y3ZMM</latexit>

Hanany-Witten ‘96



Brane engineering:

Twisting homomorphisms: 

Q-cohomology?

Engineering of holomorphic twist?

Several points remain beyond reach:

Appropriate choice of target space geometry:
Bershadsky, Vafa, Sadov ‘96

M3 ,! T ⇤
H,C

M3 ⇢ CY3
<latexit sha1_base64="4AxE5mA5uNJirbhHCDzLDoXG7Y4="></latexit>

�µ⌫ ! �µ⌫ + �(µ+3)(⌫+3),
<latexit sha1_base64="JMjHVrSOdEBQvM/HXreySytsX28=">AAACJHicbZDLSgMxFIYz9VbrbdSlm8EiVCplphUU3BRd6LKCvUBnGDJppg1NMkOSEcowD+PGV3Hjwgsu3PgsphdBWw+E/PnOOZycP4gpkcq2P43c0vLK6lp+vbCxubW9Y+7utWSUCISbKKKR6ARQYko4biqiKO7EAkMWUNwOhlfjfPseC0kifqdGMfYY7HMSEgSVRr554V5DxqCfuixxeZK5KrLmUPnnXdKgXDsuaaiv7MQ3i3bFnoS1KJyZKIJZNHzzze1FKGGYK0ShlF3HjpWXQqEIojgruInEMURD2MddLTlkWHrpZMnMOtKkZ4WR0Icra0J/d6SQSTliga5kUA3kfG4M/8t1ExWeeynhcaIwR9NBYUIt7cTYMatHBEaKjrSASBD9VwsNoIBIaV8L2gRnfuVF0apWnFqlentarF/O7MiDA3AISsABZ6AObkADNAECD+AJvIBX49F4Nt6Nj2lpzpj17IM/YXx9A/HGpEo=</latexit>

�µ⌫ ! �µ⌫ + �(µ+7)(⌫+7),
<latexit sha1_base64="UR7wYspOomQw3YdOtjeEkSP2ckM=">AAACJHicbZDLSgMxFIYz9VbrbdSlm8EiVCplpgoV3BRd6LKCvUBnGDJppg1NMkOSEcowD+PGV3Hjwgsu3PgsphdBWw+E/PnOOZycP4gpkcq2P43c0vLK6lp+vbCxubW9Y+7utWSUCISbKKKR6ARQYko4biqiKO7EAkMWUNwOhlfjfPseC0kifqdGMfYY7HMSEgSVRr554V5DxqCfuixxeZK5KrLmUPnnXdKgXDsuaaiv7MQ3i3bFnoS1KJyZKIJZNHzzze1FKGGYK0ShlF3HjpWXQqEIojgruInEMURD2MddLTlkWHrpZMnMOtKkZ4WR0Icra0J/d6SQSTliga5kUA3kfG4M/8t1ExWeeynhcaIwR9NBYUIt7cTYMatHBEaKjrSASBD9VwsNoIBIaV8L2gRnfuVF0apWnNNK9fasWL+c2ZEHB+AQlIADaqAObkADNAECD+AJvIBX49F4Nt6Nj2lpzpj17IM/YXx9A/4apFI=</latexit>

µ, ⌫ = 0, 1, 2
<latexit sha1_base64="UZvaUqWtF5vSgCn/4a8niDT5DoU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdCLUPTisYL9gO5Ssmm2DU2ya5ItlNLf4cWDIl79Md78N6btHrT1wcDjvRlm5oUJZ9q47reTW1vf2NzKbxd2dvf2D4qHR00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wuHdzG+NqNIslo9mnNBA4L5kESPYWCnwRVr2ZXrjlr1ytVssuRV3DrRKvIyUIEO9W/zyezFJBZWGcKx1x3MTE0ywMoxwOi34qaYJJkPcpx1LJRZUB5P50VN0ZpUeimJlSxo0V39PTLDQeixC2ymwGehlbyb+53VSE10HEyaT1FBJFouilCMTo1kCqMcUJYaPLcFEMXsrIgOsMDE2p4INwVt+eZU0qxXvolJ9uCzVbrM48nACp3AOHlxBDe6hDg0g8ATP8Apvzsh5cd6dj0VrzslmjuEPnM8f0MiQ0Q==</latexit>

Deformations of partial twists?



Twisted IIB supergravity:
Definition:

Supergravity background where, the bosonic ghost of local supersymmetry  
                                                    acquires non-vanishing v.e.v   

    Supergravity EoM satisfied for:     

Different choice of bosonic ghosts different twists

   SQFT coupled to twisted sugra background :    
Twisted SQFT  

    Gauging local supersymmetry    bosonic ghost q 2 C1(R10, S)
<latexit sha1_base64="Ai4maa4rFRaR8A41WhChJ3qNJeM=">AAACDHicbVDLSsNAFJ3UV62vqks3g0WoICWpgi6L3bisjz6gSctkOmmHTiZxZiKEkA9w46+4caGIWz/AnX/jpO1CWy8MczjnXO69xw0Zlco0v43c0vLK6lp+vbCxubW9U9zda8kgEpg0ccAC0XGRJIxy0lRUMdIJBUG+y0jbHdczvf1AhKQBv1NxSBwfDTn1KEZKU/1i6d6mHNZ7if48Fadl20dq5LrJTdpLLDM9gbfH2mVWzEnBRWDNQAnMqtEvftmDAEc+4QozJGXXMkPlJEgoihlJC3YkSYjwGA1JV0OOfCKdZHJMCo80M4BeIPTjCk7Y3x0J8qWMfVc7s1XlvJaR/2ndSHkXTkJ5GCnC8XSQFzGoApglAwdUEKxYrAHCgupdIR4hgbDS+RV0CNb8yYugVa1Yp5Xq9VmpdjmLIw8OwCEoAwucgxq4Ag3QBBg8gmfwCt6MJ+PFeDc+ptacMevZB3/K+PwBmSCaqw==</latexit>

q is cov. const. spinor : 

�(q, q) = 0
<latexit sha1_base64="+/yPreygnf3aa5ul5Ji4LJYDhOI=">AAAB9HicbVBNSwMxEM36WetX1aOXYBEqSNmtgl6Eogc9VrAf0C5lNs22oUl2m2QLpfR3ePGgiFd/jDf/jWm7B219MPB4b4aZeUHMmTau++2srK6tb2xmtrLbO7t7+7mDw5qOEkVolUQ8Uo0ANOVM0qphhtNGrCiIgNN60L+b+vUhVZpF8smMYuoL6EoWMgLGSn7rHoSAwuB8cHbjtnN5t+jOgJeJl5I8SlFp575anYgkgkpDOGjd9NzY+GNQhhFOJ9lWomkMpA9d2rRUgqDaH8+OnuBTq3RwGClb0uCZ+ntiDELrkQhspwDT04veVPzPayYmvPbHTMaJoZLMF4UJxybC0wRwhylKDB9ZAkQxeysmPVBAjM0pa0PwFl9eJrVS0bsolh4v8+XbNI4MOkYnqIA8dIXK6AFVUBURNEDP6BW9OUPnxXl3PuatK046c4T+wPn8ASjBkQs=</latexit>

� : S ⌦ S ! R10
<latexit sha1_base64="DtF0886pOnyxPiF6PvpBRofB4AI=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GwCrtRUKyCFlrGRxIhG8PsZJIMmdlZZu4KYckP2PgrNhaK2Nrb+TdOHoUmHrhwOOde7r0njAU34HnfTmZufmFxKbucW1ldW99wN7eqRiWasgpVQum7kBgmeMQqwEGwu1gzIkPBamHvfOjXHpg2XEW30I9ZQ5JOxNucErBS090LLoiU5BTfBAq4ZMYSUIEk0A3D9Hpwn/reoOnmvYI3Ap4l/oTk0QTlpvsVtBRNJIuACmJM3fdiaKREA6eCDXJBYlhMaI90WN3SiNjFjXT0zQDvW6WF20rbigCP1N8TKZHG9GVoO4dnmmlvKP7n1RNonzRSHsUJsIiOF7UTgUHhYTS4xTWjIPqWEKq5vRXTLtGEgg0wZ0Pwp1+eJdViwT8sFK+O8qWzSRxZtIN20QHy0TEqoUtURhVE0SN6Rq/ozXlyXpx352PcmnEmM9voD5zPH9gym20=</latexit>

with

Costello, Li ‘16

dBRST ! dBRST +Q
<latexit sha1_base64="hPtVDmyLsK4322brun2ghGtr5zw=">AAACF3icbVDLSgMxFM3UV62vUZdugkUQhGGmCrosdeOy1b6gU0omk7ahmQfJHbEM8xdu/BU3LhRxqzv/xvSx0NYDgcM595J7jhcLrsC2v43cyura+kZ+s7C1vbO7Z+4fNFWUSMoaNBKRbHtEMcFD1gAOgrVjyUjgCdbyRtcTv3XPpOJRWIdxzLoBGYS8zykBLfVMy++lLrAHSCu3d/UscyHCC9KZGxAYUiLSWtYzi7ZlT4GXiTMnRTRHtWd+uX5Ek4CFQAVRquPYMXRTIoFTwbKCmygWEzoiA9bRNCQBU910mivDJ1rxcT+S+oWAp+rvjZQESo0DT09OTlSL3kT8z+sk0L/qpjyME2AhnX3UTwTW4SclYZ9LRkGMNSFUcn0rpkMiCQVdZUGX4CxGXibNkuWcW6XaRbFcmdeRR0foGJ0iB12iMrpBVdRAFD2iZ/SK3own48V4Nz5mozljvnOI/sD4/AFPLqCi</latexit>

q = Q
<latexit sha1_base64="M/dS9rs9EYzeEYeIr/dUQ9m082w=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRV0I1QdOOyBfuANpTJdNIOnUzSmUmhhH6HGxeKuPVj3Pk3TtIstPXAwOGce7lnjhdxprRtf1uFjc2t7Z3ibmlv/+DwqHx80lZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON3lI/c6MSsVC8aTnEXUDPBLMZwRrI7nTu36A9ZhgnjQXg3LFrtoZ0DpxclKBHI1B+as/DEkcUKEJx0r1HDvSboKlZoTTRakfKxphMsEj2jNU4IAqN8lCL9CFUYbID6V5QqNM/b2R4ECpeeCZyTSiWvVS8T+vF2v/1k2YiGJNBVke8mOOdIjSBtCQSUo0nxuCiWQmKyJjLDHRpqeSKcFZ/fI6adeqzlW11ryu1O/zOopwBudwCQ7cQB0eoQEtIDCFZ3iFN2tmvVjv1sdytGDlO6fwB9bnD+OQki0=</latexit>



Twisted IIB supergravity:
Conjecture:

Holomorphic twist of IIB supergravity :  BCOV theory 

Bershadsky, Cecotti, Ooguri, Vafa ‘94

BCOV theory (Kodaira-Spencer): closed string field theory of the topological B-model

                     :

Costello, Li ‘16

Complex structure deformations

PVi,j(X) = ⌦0,j(X,^iTX)
<latexit sha1_base64="DuUaiaoeYp9NyK7pVDcLybOvK1A=">AAACH3icbVDLSgMxFM34rPVVdelmsAgWpMxUUTdC0Y07K/QFnbZk0tsam3mQ3FHLMH/ixl9x40IRcde/MX0stHogcHLOuST3uKHgCi1raMzNLywuLadW0qtr6xubma3tqgoiyaDCAhHIuksVCO5DBTkKqIcSqOcKqLn9y5FfuwepeOCXcRBC06M9n3c5o6ildubEQXjEuFRNWjE/vEsO6rlz59qDHm3F1vh+6DxApwfaTibZclLPtTNZK2+NYf4l9pRkyRSldubL6QQs8sBHJqhSDdsKsRlTiZwJSNJOpCCkrE970NDUpx6oZjzeLzH3tdIxu4HUx0dzrP6ciKmn1MBzddKjeKtmvZH4n9eIsHvWjLkfRgg+mzzUjYSJgTkqy+xwCQzFQBPKJNd/NdktlZShrjStS7BnV/5LqoW8fZQv3BxnixfTOlJkl+yRA2KTU1IkV6REKoSRJ/JC3si78Wy8Gh/G5yQ6Z0xndsgvGMNv62mi5w==</latexit>

X = CYd
<latexit sha1_base64="jIboQ0h6OT6fVcSuh22LX9QnoWA=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSRV0ItQ7MVjBfshbQibzaZdutmE3YlYQ36JFw+KePWnePPfuG1z0NYHA4/3ZpiZ5yecKbDtb2NldW19Y7O0Vd7e2d2rmPsHHRWnktA2iXksez5WlDNB28CA014iKY58Trv+uDn1uw9UKhaLO5gk1I3wULCQEQxa8sxK72oA9BGy5n3uZUHumVW7Zs9gLROnIFVUoOWZX4MgJmlEBRCOleo7dgJuhiUwwmleHqSKJpiM8ZD2NRU4osrNZofn1olWAiuMpS4B1kz9PZHhSKlJ5OvOCMNILXpT8T+vn0J46WZMJClQQeaLwpRbEFvTFKyASUqATzTBRDJ9q0VGWGICOquyDsFZfHmZdOo156xWvz2vNq6LOEroCB2jU+SgC9RAN6iF2oigFD2jV/RmPBkvxrvxMW9dMYqZQ/QHxucP9tmTSg==</latexit>

PVi,j(X)
⌦X��! ⌦d�i,j(X)

<latexit sha1_base64="QiSQajpWk8nPnl9XLm2suWasqO4="></latexit>

Space of fields: EBCOV =
⇣
PV•,•(X)[t][2], @̄ + t@

⌘

<latexit sha1_base64="z4mg/TUmPBm1iUBQQRcnhPFYaJo="></latexit>

Subspace of propagating fields: “Minimal BCOV”

EBCOV � EmBCOV =
⇣ M

i+j<d

tiPVj,•(X)[2], @̄ + t@
⌘

<latexit sha1_base64="J4Izq+Pu+FMFedMIZvMRx2wZHAc="></latexit>



Twisted IIB supergravity:

Holomorphically twisted IIB supergravity on R10
<latexit sha1_base64="B6Y6fF0y9tRe8Lh/FV5YB7krxWw=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRV0GXRjcsq9gFtLJPppB06mYSZiVBDvsSNC0Xc+inu/BsnbRbaemDgcM693DPHjzlT2nG+rZXVtfWNzdJWeXtnd69i7x+0VZRIQlsk4pHs+lhRzgRtaaY57caS4tDntONPrnO/80ilYpG419OYeiEeCRYwgrWRBnalH2I99v30LntIXScb2FWn5syAlolbkCoUaA7sr/4wIklIhSYcK9VznVh7KZaaEU6zcj9RNMZkgke0Z6jAIVVeOgueoROjDFEQSfOERjP190aKQ6WmoW8m85hq0cvF/7xeooNLL2UiTjQVZH4oSDjSEcpbQEMmKdF8aggmkpmsiIyxxESbrsqmBHfxy8ukXa+5Z7X67Xm1cVXUUYIjOIZTcOECGnADTWgBgQSe4RXerCfrxXq3PuajK1axcwh/YH3+AKC7kxA=</latexit>

C5
<latexit sha1_base64="iYhftu662e02tFoptsXOOzzwFaU=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRV0WWxG5cV7APatEymk3boZBJmJkoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1v2sj8ziOVioXiQc8i6gZ4LJjPCNZGGvQDrCeelzTSQXKVDssVu2rPgVaJk5MK5GgOy1/9UUjigApNOFaq59iRdhMsNSOcpqV+rGiEyRSPac9QgQOq3GSeOkVnRhkhP5TmCY3m6u+NBAdKzQLPTGYp1bKXif95vVj7N27CRBRrKsjikB9zpEOUVYBGTFKi+cwQTCQzWRGZYImJNkWVTAnO8pdXSbtWdS6qtfvLSv02r6MIJ3AK5+DANdThDprQAgISnuEV3qwn68V6tz4WowUr3zmGP7A+fwCk+JKa</latexit>

mBCOV theory on -
Focus on flat space:

Supersymmetry and  BCOV fields: 
gIIB : so(10,C)� V �⇧(S+ ⌦ C2)� {...}

<latexit sha1_base64="SRPbNShTqvsamwtTqbRYvnYeAaI="></latexit>

Twisted background:

 2 S+ : �( , ) = 0
<latexit sha1_base64="lqszgZY5nDX2MIzZByrT/L2TOzk=">AAACC3icbVDLSgMxFM3UV62vUZduQotQUcpMFRRBKLrQZUX7gE4pmTRtQ5PMkGSEMnTvxl9x40IRt/6AO//GTDsLbT1wL4dz7iW5xw8ZVdpxvq3MwuLS8kp2Nbe2vrG5ZW/v1FUQSUxqOGCBbPpIEUYFqWmqGWmGkiDuM9Lwh1eJ33ggUtFA3OtRSNoc9QXtUYy0kTp23gsV9aiAd534cHwOvWvEOSom6lHSDi6cjl1wSs4EcJ64KSmAFNWO/eV1AxxxIjRmSKmW64S6HSOpKWZknPMiRUKEh6hPWoYKxIlqx5NbxnDfKF3YC6QpoeFE/b0RI67UiPtmkiM9ULNeIv7ntSLdO2vHVISRJgJPH+pFDOoAJsHALpUEazYyBGFJzV8hHiCJsDbx5UwI7uzJ86ReLrnHpfLtSaFymcaRBXsgD4rABaegAm5AFdQABo/gGbyCN+vJerHerY/paMZKd3bBH1ifP9yEmaY=</latexit>

and

Q 2 gIIB , Q2 = 0
<latexit sha1_base64="eLharpbxEgsyBAERufvekDUU+Ic=">AAACKXicbVDLSsNAFJ34rPUVdelmsAgupCRV0I1Q6kZ3FmwVmlpuppM6dDKJMxOhhPyOG3/FjYKibv0RJ2kX9XFg4HDOucy9x485U9pxPqyZ2bn5hcXSUnl5ZXVt3d7YbKsokYS2SMQjee2DopwJ2tJMc3odSwqhz+mVPzzN/at7KhWLxKUexbQbwkCwgBHQRurZdS8EfUuAp82sl3qxYpnHBC7UQMIwHRj5/LyR7Xt3CfTxVPwmrWUnTs+uOFWnAP5L3AmpoAkuevaL149IElKhCQelOq4T624KUjPCaVb2EkVjIEMY0I6hAkKqumlxaYZ3jdLHQSTNExoX6vRECqFSo9A3yXxR9dvLxf+8TqKD427KRJxoKsj4oyDhWEc4rw33maRE85EhQCQzu2JyCxKINuWWTQnu75P/knat6h5Ua83DSr0xqaOEttEO2kMuOkJ1dIYuUAsR9ICe0Ct6sx6tZ+vd+hxHZ6zJzBb6AevrG4wwp/s=</latexit>

q = Q 
<latexit sha1_base64="rxOGUVAqWKNUD423AeM1BNPXbvc=">AAAB/XicbVDLSsNAFL3xWesrPnZugkVwVZIq6EYounHZgn1AE8JkOmmHTiZxZiLUUPwVNy4Ucet/uPNvnLRZaOuBgcM593LPnCBhVCrb/jaWlldW19ZLG+XNre2dXXNvvy3jVGDSwjGLRTdAkjDKSUtRxUg3EQRFASOdYHST+50HIiSN+Z0aJ8SL0IDTkGKktOSbh/dXboTUECOWNSd+5iaSTnyzYlftKaxF4hSkAgUavvnl9mOcRoQrzJCUPcdOlJchoShmZFJ2U0kShEdoQHqachQR6WXT9BPrRCt9K4yFflxZU/X3RoYiKcdRoCfzpHLey8X/vF6qwksvozxJFeF4dihMmaViK6/C6lNBsGJjTRAWVGe18BAJhJUurKxLcOa/vEjatapzVq01zyv166KOEhzBMZyCAxdQh1toQAswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fFr6Vow==</latexit>

Residual supersymmetry:          -cohomology of the IIB algebra: Q 
<latexit sha1_base64="3IXEehk4JUKpdxZms7FK0Fp/5P8=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgqiRV0GXRjcsW7AOaECbTSTt0MgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWdOkDAqlW1/G5WNza3tnepubW//4PDIPK73ZZwKTHo4ZrEYBkgSRjnpKaoYGSaCoChgZBDM7gp/8EiEpDF/UPOEeBGacBpSjJSWfLPuRkhNMWJZN/czN5E0982G3bQXsNaJU5IGlOj45pc7jnEaEa4wQ1KOHDtRXoaEopiRvOamkiQIz9CEjDTlKCLSyxbZc+tcK2MrjIV+XFkL9fdGhiIp51GgJ4ukctUrxP+8UarCGy+jPEkV4Xh5KEyZpWKrKMIaU0GwYnNNEBZUZ7XwFAmEla6rpktwVr+8TvqtpnPZbHWvGu3bso4qnMIZXIAD19CGe+hADzA8wTO8wpuRGy/Gu/GxHK0Y5c4J/IHx+QO375Th</latexit>

N = (2, 0)
<latexit sha1_base64="dy234jgiOIM3i+QS/ug7fb/Qdew=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWoIGWmCroRim5cSQX7gLaUTJppQzOZIckoZeynuHGhiFu/xJ1/Y6adhbYeCBzOuZd7cryIM6Ud59taWl5ZXVvPbeQ3t7Z3du3CXkOFsSS0TkIeypaHFeVM0LpmmtNWJCkOPE6b3ug69ZsPVCoWins9jmg3wAPBfEawNlLPLnQCrIcE8+R2clmqnDjHPbvolJ0p0CJxM1KEDLWe/dXphyQOqNCEY6XarhPpboKlZoTTSb4TKxphMsID2jZU4ICqbjKNPkFHRukjP5TmCY2m6u+NBAdKjQPPTKZB1byXiv957Vj7F92EiSjWVJDZIT/mSIco7QH1maRE87EhmEhmsiIyxBITbdrKmxLc+S8vkkal7J6WK3dnxepVVkcODuAQSuDCOVThBmpQBwKP8Ayv8GY9WS/Wu/UxG12ysp19+APr8wenspLx</latexit>

10d

g
Q 
IIB : sl(5,C)� C5 �⇧(S+ ⌦ v)� {...}

<latexit sha1_base64="3pU27BUzVoO6XWLYARCZ7nKXSEQ="></latexit>

Susy present in mBCOV:

@zi ^ @zj ! @zi ^ @zj 2 PV2,0(C5)
<latexit sha1_base64="v6KGxwFSu6V3A1rgGTAu7EZx67E="></latexit>

dzi ! zi 2 PV0,0
<latexit sha1_base64="nFinWSyCK7air6zCvqceGtS7HAI=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoXEgKqkIMFYwcJYJPqQ2hI5rttadZzIvkGUKDsLv8LCAEKs/AAbf4PbZoCWI1k6OudeXZ/jR4JrcJxvK7e0vLK6ll8vbGxube/Yu3sNHcaKsjoNRahaPtFMcMnqwEGwVqQYCXzBmv7ocuI375jSPJQ3MI5YNyADyfucEjCSZxd7D17C0w6EeEa4xB1g95DUGult4hw7qWeXnLIzBV4kbkZKKEPNs786vZDGAZNABdG67ToRdBOigFPB0kIn1iwidEQGrG2oJAHT3WSaJcWHRunhfqjMk4Cn6u+NhARajwPfTAYEhnrem4j/ee0Y+ufdhMsoBibp7FA/FtgknxSDe1wxCmJsCKGKm79iOiSKUDD1FUwJ7nzkRdKolN2TcuX6tFS9yOrIowNUREfIRWeoiq5QDdURRY/oGb2iN+vJerHerY/ZaM7KdvbRH1ifP0oCmy4=</latexit>

Odd elements of gQ IIB
<latexit sha1_base64="jB/0l7XmhqGjGPQFogPmHxb2tuw=">AAACEHicbZC7TsMwFIYdrqXcAowsFhWCqUoKEoxVWejWSvQiNSFyXKe16lxkO0iVlUdg4VVYGECIlZGNt8FpM0DLL1n69Z1z5HN+P2FUSMv6NlZW19Y3Nktb5e2d3b198+CwK+KUY9LBMYt530eCMBqRjqSSkX7CCQp9Rnr+5Cav9x4IFzSO7uQ0IW6IRhENKEZSI888c0IkxwFHEzXKPNVsNrJ7NWMYMdXWyEkEzTLPrFhVaya4bOzCVEChlmd+OcMYpyGJJGZIiIFtJdJViEuKGcnKTipIgvAEjchA2wiFRLhqdlAGTzUZwiDm+kUSzujvCYVCIaahrzvzVcViLYf/1QapDK5dRaMklSTC84+ClEEZwzwdOKScYMmm2iDMqd4V4jHiCEudYVmHYC+evGy6tap9Ua21Lyv1RhFHCRyDE3AObHAF6uAWtEAHYPAInsEreDOejBfj3fiYt64YxcwR+CPj8welgZ49</latexit>

transform as: 
1-forms and bivectors under sl(5,C)

<latexit sha1_base64="l7PvfidFTnEIP6GXCCycm5IHkJs=">AAACBHicbVDLSsNAFL3xWesr6rKbwSJUkJJURZfFblxWsA9oS5lMJ+3QyYOZiVBCFm78FTcuFHHrR7jzb5ykWWjrgYEz59zLvfc4IWdSWda3sbK6tr6xWdgqbu/s7u2bB4dtGUSC0BYJeCC6DpaUM5+2FFOcdkNBsedw2nGmjdTvPFAhWeDfq1lIBx4e+8xlBCstDc1S38Nq4go8jSVPKpdn2d9x4kZyOjTLVtXKgJaJnZMy5GgOza/+KCCRR31FOJayZ1uhGsRYKEY4TYr9SNIQkyke056mPvaoHMTZEQk60coIuYHQz1coU393xNiTcuY5ujJdUS56qfif14uUez2ImR9GivpkPsiNOFIBShNBIyYoUXymCSaC6V0RmWCBidK5FXUI9uLJy6Rdq9rn1drdRbl+k8dRgBIcQwVsuII63EITWkDgEZ7hFd6MJ+PFeDc+5qUrRt5zBH9gfP4Ac+KX9Q==</latexit>

R : H•(gIIB ,Q ) ! EmBCOV
<latexit sha1_base64="z3DYn6cMUgHbetpPkv2F5X2Z4gA="></latexit>

Costello, Li ‘16



Twisted IIB supergravity:
Holomorphic Hanany-Witten: the case of the 3d hypermultiplet  

Holomorphic configuration on bulk and brane

Next: need to add the D5s in order to get                          configuration

D3 world volume theory: holomorphic Chern-Simons on

ED3 = ⌦0,•(C2)[dz̄2, dw̄1, dz̄3]
<latexit sha1_base64="tI5hEHENSOTI95FCY1qILvqCPHc="></latexit>

Cz1 ⇥ Cw2 ⇢ C5
<latexit sha1_base64="i6IgKyqWRgsN3Fdg2ng7KxmAyvs=">AAACKHicbVDLSgMxFM34rPU16tLNYBFclZmq6M5iNy4r2Ae0dcikaRuaeZDcUWqYz3Hjr7gRUaRbv8RMO2BtPRA4nHMvOfd4EWcSbHtsLC2vrK6t5zbym1vbO7vm3n5dhrEgtEZCHoqmhyXlLKA1YMBpMxIU+x6nDW9YSf3GAxWShcEdjCLa8XE/YD1GMGjJNa/aPoaB56lK4qonVzlJ0gbmUzmrP7qqpHUZe5LCr3GvzhPXLNhFewJrkTgZKaAMVdd8b3dDEvs0AMKxlC3HjqCjsABGOE3y7VjSCJMh7tOWpgHWWTpqcmhiHWula/VCoV8A1kSd3VDYl3Lke3oyTSnnvVT8z2vF0LvsKBZEMdCATD/qxdyC0Epbs7pMUAJ8pAkmgumsFhlggQnobvO6BGf+5EVSLxWd02Lp9qxQvs7qyKFDdIROkIMuUBndoCqqIYKe0Sv6QJ/Gi/FmfBnj6eiSke0coD8wvn8AzRWo3w==</latexit>

3d N = 4
<latexit sha1_base64="QlNW2BB+SlavyVaOsgam1Fo2s8A=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRbBhZSZtqAboejGlVSwD2iHkslk2tDMgyQj1KH4K25cKOLW/3Dn35hpZ6GtJwQO59xLTo4bcyaVZX0bS8srq2vrhY3i5tb2zq65t9+SUSIIbZKIR6LjYkk5C2lTMcVpJxYUBy6nbXd0nfntByoki8J7NY6pE+BByHxGsNJS3zyseqh3pk+A1ZBgnt5OLmt9s2SVrSnQIrFzUoIcjb751fMikgQ0VIRjKbu2FSsnxUIxwumk2EskjTEZ4QHtahrigEonnaafoBOteMiPhL6hQlP190aKAynHgasns5By3svE/7xuovwLJ2VhnCgaktlDfsKRilBWBfKYoETxsSaYCKazIjLEAhOlCyvqEuz5Ly+SVqVsV8uVu1qpfpXXUYAjOIZTsOEc6nADDWgCgUd4hld4M56MF+Pd+JiNLhn5zgH8gfH5A82WlCs=</latexit>



Twisted IIB supergravity:
The D5 support is not along a complex submanifold of  C5

<latexit sha1_base64="iYhftu662e02tFoptsXOOzzwFaU=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRV0WWxG5cV7APatEymk3boZBJmJkoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1v2sj8ziOVioXiQc8i6gZ4LJjPCNZGGvQDrCeelzTSQXKVDssVu2rPgVaJk5MK5GgOy1/9UUjigApNOFaq59iRdhMsNSOcpqV+rGiEyRSPac9QgQOq3GSeOkVnRhkhP5TmCY3m6u+NBAdKzQLPTGYp1bKXif95vVj7N27CRBRrKsjikB9zpEOUVYBGTFKi+cwQTCQzWRGZYImJNkWVTAnO8pdXSbtWdS6qtfvLSv02r6MIJ3AK5+DANdThDprQAgISnuEV3qwn68V6tz4WowUr3zmGP7A+fwCk+JKa</latexit>

Deform, using the bivector @w1 ^ @w2
<latexit sha1_base64="zW8a3EJ6ywIj6pmXvpolBJ4YlWc=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVUlBgrGChbFItEVqq8hxblqrjhPZDlUV5RNY+BUWBhBiZWTjb3AfA2050pWOzrnXvvf4CWdKO86PVVhZXVvfKG6WtrZ3dvfs/YOmilNJoUFjHssHnyjgTEBDM83hIZFAIp9Dyx/cjP3WI0jFYnGvRwl0I9ITLGSUaCN59mknIVIzwr1s6GVunneGEPQAz8nVPPfsslNxJsDLxJ2RMpqh7tnfnSCmaQRCU06UartOorvZ+FXKIS91UgUJoQPSg7ahgkSgutnkoByfGCXAYSxNCY0n6t+JjERKjSLfdEZE99WiNxb/89qpDq+6GRNJqkHQ6UdhyrGO8TgdHDAJVPORIYRKZnbFtE8kodpkWDIhuIsnL5NmteKeV6p3F+Xa9SyOIjpCx+gMuegS1dAtqqMGougJvaA39G49W6/Wh/U5bS1Ys5lDNAfr6xdCxJ38</latexit>

Theory topological along w1,2
<latexit sha1_base64="zu21ypVYK8labCL2C/SYlYD71Uo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQY9FLx4r2A9oQ9lsJ+3SzSbsbpQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekSleSwfzDhBP6IDyUPOqLFS66mXeefVSa9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx27oScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE177GZdJalCy+aIwFcTEZPo76XOFzIixJZQpbm8lbEgVZcYmVLQheIsvL5NmteJdVKr3l+XaTR5HAY7hBM7AgyuowR3UoQEMRvAMr/DmJM6L8+58zFtXnHzmCP7A+fwBq/uPIQ==</latexit>

N = (0, 4)
<latexit sha1_base64="btZGVThkjIrxsoisn7Mz6TilE90=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQQUpSC7oRim5cSQX7gDaUyXTSDp1MwsxEKbGf4saFIm79Enf+jZM2C209MHA4517umeNFjEpl299GbmV1bX0jv1nY2t7Z3TOL+y0ZxgKTJg5ZKDoekoRRTpqKKkY6kSAo8Bhpe+Pr1G8/ECFpyO/VJCJugIac+hQjpaW+WewFSI0wYsnt9LJsn9ZO+mbJrtgzWMvEyUgJMjT65ldvEOI4IFxhhqTsOnak3AQJRTEj00IvliRCeIyGpKspRwGRbjKLPrWOtTKw/FDox5U1U39vJCiQchJ4ejINKhe9VPzP68bKv3ATyqNYEY7nh/yYWSq00h6sARUEKzbRBGFBdVYLj5BAWOm2CroEZ/HLy6RVrThnlepdrVS/yurIwyEcQRkcOIc63EADmoDhEZ7hFd6MJ+PFeDc+5qM5I9s5gD8wPn8AqriS8w==</latexit>

and holomorphic along  z’s 

Next step: Introduce boundary conditions:



Twisted IIB supergravity:
Dirichlet boundary conditions via additional D5: 

Which are further admissible deformations?

Look among residual supersymmetries and control which is compatible with the configuration:



Twisted IIB supergravity:
Two possible deformations identified with odd elements of  3d N = 4

<latexit sha1_base64="QlNW2BB+SlavyVaOsgam1Fo2s8A=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRbBhZSZtqAboejGlVSwD2iHkslk2tDMgyQj1KH4K25cKOLW/3Dn35hpZ6GtJwQO59xLTo4bcyaVZX0bS8srq2vrhY3i5tb2zq65t9+SUSIIbZKIR6LjYkk5C2lTMcVpJxYUBy6nbXd0nfntByoki8J7NY6pE+BByHxGsNJS3zyseqh3pk+A1ZBgnt5OLmt9s2SVrSnQIrFzUoIcjb751fMikgQ0VIRjKbu2FSsnxUIxwumk2EskjTEZ4QHtahrigEonnaafoBOteMiPhL6hQlP190aKAynHgasns5By3svE/7xuovwLJ2VhnCgaktlDfsKRilBWBfKYoETxsSaYCKazIjLEAhOlCyvqEuz5Ly+SVqVsV8uVu1qpfpXXUYAjOIZTsOEc6nADDWgCgUd4hld4M56MF+Pd+JiNLhn5zgH8gfH5A82WlCs=</latexit>

:

QC = @z1 ^ @z2
<latexit sha1_base64="IDzq6O9mY9KHWNTKY4Z8TSELh9c=">AAACJHicbVDLSgMxFM34rPVVdekmWARXZaYKCiIUu3HZgn1AZxgymds2NPMgySh1mI9x46+4ceEDF278FjNtF9p6IHA4594k53gxZ1KZ5pextLyyurZe2Chubm3v7Jb29tsySgSFFo14JLoekcBZCC3FFIduLIAEHoeON6rnfucOhGRReKvGMTgBGYSszyhRWnJLl3ZA1JASnjYzN61nV3ZMhGKEu2n6oBUry+x78AeA54xqlrmlslkxJ8CLxJqRMpqh4ZbebT+iSQChopxI2bPMWDlpfi/lkBXtREJM6IgMoKdpSAKQTjoJmeFjrfi4Hwl9QoUn6u+NlARSjgNPT+aR5LyXi/95vUT1L5yUhXGiIKTTh/oJxyrCeWPYZwKo4mNNCBVM/xXTIRGEKt1rUZdgzUdeJO1qxTqtVJtn5dr1rI4COkRH6ARZ6BzV0A1qoBai6BE9o1f0ZjwZL8aH8TkdXTJmOwfoD4zvH0uSpxA=</latexit>

QH = z2
<latexit sha1_base64="o/C40rzYk5zc3nTc7IXuwLDbNwM=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsxUQTdC0U2XLdgHtMOQSTNtaCYzJBmhhgF/xY0LRdz6He78GzPtLLT1QOBwzr3ckxMkjErlON/Wyura+sZmaau8vbO7t28fHHZknApM2jhmsegFSBJGOWkrqhjpJYKgKGCkG0zucr/7QISkMb9X04R4ERpxGlKMlJF8+3gQITXGiOlW5utGdvPo61rm2xWn6swAl4lbkAoo0PTtr8EwxmlEuMIMSdl3nUR5GglFMSNZeZBKkiA8QSPSN5SjiEhPz+Jn8MwoQxjGwjyu4Ez9vaFRJOU0CsxkHlYuern4n9dPVXjtacqTVBGO54fClEEVw7wLOKSCYMWmhiAsqMkK8RgJhJVprGxKcBe/vEw6tap7Ua21Liv126KOEjgBp+AcuOAK1EEDNEEbYKDBM3gFb9aT9WK9Wx/z0RWr2DkCf2B9/gCRQpXf</latexit>

Holomorphic d.o.f  on the boundary Compatible with Dirichlet b.c for the free hyper

Deformation renders  z2
<latexit sha1_base64="CIE4KFhLRHA0TGrk3WHn2YnOM2Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VTFtoQ9lsp+3SzSbsboQa+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqeNUMfRZLGLVDqlGwSX6hhuB7UQhjUKBrXB8O/Nbj6g0j+WDmSQYRHQo+YAzaqzkP/Wy2rRXrrhVdw6ySrycVCBHo1f+6vZjlkYoDRNU647nJibIqDKcCZyWuqnGhLIxHWLHUkkj1EE2P3ZKzqzSJ4NY2ZKGzNXfExmNtJ5Eoe2MqBnpZW8m/ud1UjO4DjIuk9SgZItFg1QQE5PZ56TPFTIjJpZQpri9lbARVZQZm0/JhuAtv7xKmrWqd1Gt3V9W6jd5HEU4gVM4Bw+uoA530AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/1imOsw==</latexit>

z3
<latexit sha1_base64="5uDVzx8ew/hKegiGSsmAnZsk0IA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4rmFZoQ9lsp+3SzSbsboQa+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMfRZLGL1EFKNgkv0DTcCHxKFNAoFtsPxzcxvP6LSPJb3ZpJgENGh5APOqLGS/9TL6tNeueJW3TnIKvFyUoEczV75q9uPWRqhNExQrTuem5ggo8pwJnBa6qYaE8rGdIgdSyWNUAfZ/NgpObNKnwxiZUsaMld/T2Q00noShbYzomakl72Z+J/XSc3gKsi4TFKDki0WDVJBTExmn5M+V8iMmFhCmeL2VsJGVFFmbD4lG4K3/PIqadWqXr1au7uoNK7zOIpwAqdwDh5cQgNuoQk+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/ANeujrQ=</latexit>

topological and keeps holomorphic: 
Coulomb branch moduli become Q-exact C-twist

No solutions on the boundary

Deformation renders  z2
<latexit sha1_base64="CIE4KFhLRHA0TGrk3WHn2YnOM2Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VTFtoQ9lsp+3SzSbsboQa+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqeNUMfRZLGLVDqlGwSX6hhuB7UQhjUKBrXB8O/Nbj6g0j+WDmSQYRHQo+YAzaqzkP/Wy2rRXrrhVdw6ySrycVCBHo1f+6vZjlkYoDRNU647nJibIqDKcCZyWuqnGhLIxHWLHUkkj1EE2P3ZKzqzSJ4NY2ZKGzNXfExmNtJ5Eoe2MqBnpZW8m/ud1UjO4DjIuk9SgZItFg1QQE5PZ56TPFTIjJpZQpri9lbARVZQZm0/JhuAtv7xKmrWqd1Gt3V9W6jd5HEU4gVM4Bw+uoA530AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/1imOsw==</latexit>

z3
<latexit sha1_base64="5uDVzx8ew/hKegiGSsmAnZsk0IA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4rmFZoQ9lsp+3SzSbsboQa+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMfRZLGL1EFKNgkv0DTcCHxKFNAoFtsPxzcxvP6LSPJb3ZpJgENGh5APOqLGS/9TL6tNeueJW3TnIKvFyUoEczV75q9uPWRqhNExQrTuem5ggo8pwJnBa6qYaE8rGdIgdSyWNUAfZ/NgpObNKnwxiZUsaMld/T2Q00noShbYzomakl72Z+J/XSc3gKsi4TFKDki0WDVJBTExmn5M+V8iMmFhCmeL2VsJGVFFmbD4lG4K3/PIqadWqXr1au7uoNK7zOIpwAqdwDh5cQgNuoQk+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/ANeujrQ=</latexit>

topological and keeps holomorphic: 
Higgs branch moduli become Q-exact H-twist

Acts on the D-brane gauge theory as: 

Acts on the D-brane gauge theory as: @z1 ^ @z2 ! ✏2@z1
<latexit sha1_base64="dnN8/DoEBOtVP/UuM6oRwD/G84w=">AAACNXicbZC7TsMwFIadcivlFmBkiaiQmKqkIMFYwcLAUCR6kZoocpyT1qpzke2ASpSXYuE9mGBgACFWXgGnzQAtR7L06zvnt31+L2FUSNN81SpLyyura9X12sbm1vaOvrvXFXHKCXRIzGLe97AARiPoSCoZ9BMOOPQY9LzxZdHv3QEXNI5u5SQBJ8TDiAaUYKmQq1/bCeaSYuZm2UPuZlae2/fgD2GONxWXsWFDIihTRgUWna5eNxvmtIxFYZWijspqu/qz7cckDSGShGEhBpaZSCcr7iUM8pqdCkgwGeMhDJSMcAjCyaZb58aRIr4RxFydSBpT+tuR4VCISeipyRDLkZjvFfC/3iCVwbmT0ShJJURk9lCQMkPtX0Ro+JQDkWyiBCacqr8aZIQ5JlIFXVMhWPMrL4pus2GdNJo3p/XWRRlHFR2gQ3SMLHSGWugKtVEHEfSIXtA7+tCetDftU/uajVa00rOP/pT2/QPita8c</latexit>

z2 ! @✏2
<latexit sha1_base64="mP8W1MpHS0aMltjym1TjkhKtuJE=">AAACCXicbVA7T8MwGHTKq5RXgJHFokJiqpKCBGMFC2OR6ENqoshxndaq41i2g1SirCz8FRYGEGLlH7Dxb3DaDNBykqXT3ffZvgsFo0o7zrdVWVldW9+obta2tnd29+z9g65KUolJBycskf0QKcIoJx1NNSN9IQmKQ0Z64eS68Hv3RCqa8Ds9FcSP0YjTiGKkjRTY8CHImrmnE+gJJDVFLMg8IhRlxjVOHth1p+HMAJeJW5I6KNEO7C9vmOA0JlxjhpQauI7QflZcjhnJa16qiEB4gkZkYChHMVF+NkuSwxOjDGGUSHO4hjP190aGYqWmcWgmY6THatErxP+8QaqjSz+jXKSacDx/KEoZNMGLWuCQSoI1mxqCsKTmrxCPkURYm/JqpgR3MfIy6TYb7lmjeXteb12VdVTBETgGp8AFF6AFbkAbdAAGj+AZvII368l6sd6tj/loxSp3DsEfWJ8/cYqa0A==</latexit>

expected from field theory



Concluding remarks

Construction of holomorphic boundary conditions for  3d N = 4
<latexit sha1_base64="QlNW2BB+SlavyVaOsgam1Fo2s8A=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRbBhZSZtqAboejGlVSwD2iHkslk2tDMgyQj1KH4K25cKOLW/3Dn35hpZ6GtJwQO59xLTo4bcyaVZX0bS8srq2vrhY3i5tb2zq65t9+SUSIIbZKIR6LjYkk5C2lTMcVpJxYUBy6nbXd0nfntByoki8J7NY6pE+BByHxGsNJS3zyseqh3pk+A1ZBgnt5OLmt9s2SVrSnQIrFzUoIcjb751fMikgQ0VIRjKbu2FSsnxUIxwumk2EskjTEZ4QHtahrigEonnaafoBOteMiPhL6hQlP190aKAynHgasns5By3svE/7xuovwLJ2VhnCgaktlDfsKRilBWBfKYoETxsSaYCKazIjLEAhOlCyvqEuz5Ly+SVqVsV8uVu1qpfpXXUYAjOIZTsOEc6nADDWgCgUd4hld4M56MF+Pd+JiNLhn5zgH8gfH5A82WlCs=</latexit>

theories
via holomorphic brane engineering:

Embedding Hanany-Witten brane configurations in IIB twisted supergravity 

Deformation from holomorphic to topological twist

Results in agreement with field theory and with purely holomorphic field theory construction

Unexplored directions

Study of interacting theories

Bulk defect operators in 3d and 4d (work in progress with I.Brunner and I.Saberi)

Twisted Holographic configurations



Thank you for your attention…!


